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Fluorescent Nucleotide Analog Hairpin Formation for Detection of 

Nucleic Acid Hybridization 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This is a continuation-in-part of U.S. S.N. 60/032,844 filed on December 13, 
1996, which is incorporated by reference herein for all purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY 
SPONSORED RESEARCH AND DEVELOPMENT 

[ Not Applicable ] 

FIELD OF THE INVENTION 

This invention relates to methods of detecting hybridization between nucleic 
15 acids or protein/nucleic acid interactions. In particular this invention pertains to nucleic acid 
probes containing a fluorescent nucleotide analogue whose fluorescence level increases 
when the probe hybridizes to a target nucleic acid or when the probe is bound by a protein. 

BACKGROUND OF THE INVENTION 

One of the most specific molecular recognition events takes place when a 
20 strand of nucleic acid anneals (hybridizes) to its complement. A single-stranded 

oligonucleotide probe can find a complementary strand in the presence of a large excess of 
other nucleic acids. This process has facilitated the exploration of gene structure and 
organization, the measurement of gene expression and function, and the detection and 
characterization of a wide variety of pathologies. 

25 Hybridization based assays typically require detection and/or quantification 

of a hybrid duplex formed between a probe nucleic acid and its corresponding target nucleic 
acid. However, because the measurable changes in the physical properties of nucleic acids 
that occur upon hybridization are rather small, such assays most frequently utilize labels 
attached either to the nucleic acid probes or to the target nucleic acids to detect the hybrid 

30 duplexes. After hybridization, typically the hybridized nucleic acids are immobilized (e.g., 
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attached to a membrane) and the unhybridized nucleic acids are washed away The 

.mmobi.ized ,abel is then detected and/or quantised to prov.de a measure of the hybnd 

duplex. 3 

The requirement that unhybridized probes be separated from hybridized 
> Probes precludes the use of hybridization for real-time mon.tonng of nucleic aod syntheses 
or protem-nucleic acid interactions or for beating specific nuc.eic acids in hving cells ,„ 
add,«,on, the need to immobile hybrids on a solid surface Umits sensitivity, since probes 
b,„d non-specifically to surface, While several schemes have been pu, forward for 
de.ec.mg specific nucleic acids in homogeneous solutions (see. e. g .. Heller « al. European 
Patent Application 82303699.1, Morrison e, al. (m 9 )Anal. Biochem ,83 23, .44 
Cardu„o e.al. (,9S 8 , Proc. Na.i Aea d Sc, USA. 85: 8790-8794, Morrison e, al 0993) 
B.oeHen... 32: 3095-3,04, and Sixo„„<,/. ( ,994) M,c/. Ac lds Hes.. 22: 662-668) these 
methods are typically unsuitable for real-time measurements or use in living cells' 

Newer approaches for the detection of nucleic acid hybridizations and 
protem-nucleic acid interactions typically rely on energy transfer between a fluorophore and 
a quencher molecule or a second fluorophore (e. g .. a fluorescence resonance energy transfer 
^.em). Thus, for example, a lumazine denvative has been used in conjunction with a 
bathophenanthroline-ruthenium complex as an energy transfer system in which the lumazine 
d_ acted as an energy donor and the ruthemum complex acted as an energy receptor 
The lumazme denvative and ruthenium complex were attached to different nudeic acids 
Energy transfer occurred when the two compounds were brought into proximity resuhing ,„ 
fluorescence. The system provided a mechanism for studying the interaction of molecule, 
bearmg the two groups (see. e.g.. Bannwarth *,„/, HelveUca ChMcaActa (199!) 74 
1991-1999,Ba m warth«a/.(1991),&/veteaa™,^ CM . 74:2000 . 2007 and 
Bannwarth el al.. European Patent Application No. 0439036A2). 

Another approach utilizes nucleic acid probes bearing a fluorophore and a 
quencher molecule. The probes were self-complementary and adopted a hairpin 
conation in solution. The hairpin juxtaposed the fluorophore and the quencher thereby 
teducng or ehm.natmg fluorescence of the fluorophore. When the probes hybridized to a 

an! * "I " ' hey n " eari2ed ' SePara " n8 flUOrOPh ° re ^ *• -o'ecule 
and thereby providing a fluorescent signal (see Tyagi and Kramer e, al. (1996) Nature 

Biotechnology, 14: 303-308). 

2 
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Both of these approaches required a fluorescent compound and a second 
fiuorophore or a quencher. Most fluorescent compounds, however, generally suffer the 
disadvantage that the fluorescent complexes and their binding moieties are relatively large. 
The presence of large fluorescent labels and associated linkers may alter the mobility of the 
5 nucleic acid, either through a gel as in sequencing, or through various compartments of a 
cell. 

In addition, the presence of these markers alters the interaction of the labeled 
nucleic acid with other molecules either through chemical interactions or through steric 
hindrance. The presence of these markers thus makes it difficult to study the interactions of 
10 DNA with other molecules such as other nucleic acids or proteins. 

SUMMARY O F THE INVENTION 

This invention provides new methods and compositions for the detection of 
nucleic acid interactions with other nucleic acids or with proteins. The methods and 
compositions utilize fluorescent nucleotide analogs as fluorescent moieties and thus do not 
1 5 suffer from the limitations described above. 

The methods of this invention generally utilize a nucleic acid (e.g., an 
oligonucleotide) that contains one or more fluorescent nucleotide analogues. The 
fluorescence of the nucleotide analogues is quenched (reduced) when they are incorporated 
into the oligonucleotide (see, e.g., U.S. Patent No. 5,525,71 1 and Hawkins et al. (1995) 
20 Nucl. Acids Res. , 23 : 2872-2880. However, when the fluorescent nucleotide analogue is 
removed from the quenching influence of neighboring bases (e.g, present in a loop) 
fluorescence activity is partially or completely restored. Without being bound by a 
particular theory, it is believed that alteration of the normal conformation (e.g., base 
stacking) of the oligonucleotide at the location of the fluorescent nucleotide analogue 
25 reduces and/or eliminates the quench thereby causing an increase in fluorescence. 

Thus, in one embodiment, this invention provides methods of detecting the 
presence, absence, or quantity of a target nucleic acid. The methods involve contacting the 
target nucleic acid with a nucleic acid probe where the nucleic acid probe comprises a 
fluorescent nucleotide located in the probe such that, when the probe hybridizes to the target 
30 nucleic acid, the fluorescent nucleotide is present in a loop that does not participate in 

complementary base pairing with a nucleotide of the target nucleic acid; and detecting the 
fluorescence produced by the fluorescent nucleotide, when said probe forms a hybrid duplex 

3 
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TT T " UC,eiC 10 Preferred emb ° dimem - ' he ™W« in ^ from 
bou, , ab 100 „ ucleotides [he prQbe ^^^^ (o (arge( ^ , 

P rticular.y pref e rred prob es, tne loop is an insertion in ^ „ uc|eic ^ ' 

o.nerw,se complementary to said targe, nucleic acid or ,o a co„ llg uous subsequence of said 

el 3 d ' n S ° me Preferred emb0dimen,S ' "» — * *~ -'-,,es in 
length and compnses t „„ nuclides each adjacent to the fluorescent nucleotide ( „ 

particularly preferred embodiments, a, ,eas, one nucleot.de adjacent to the fluorescent 

nucieot.de ,s a purine (.e.g., adenosine), and in stili more preferred embodiments the 

.he and 3 d,rect,on. ,„ a most preferred embodiment, the insertion is a single base 
insertion; the fluorescent nucleotide. 

In yet another embodiment, the insertion is self-complementary and forms a 
hairpin ,„ which the fluorescent nucleotide is present in the loop of said hairpin and does no, 
participate ,n comp,eme„.ary base pairing. The nucleotides comprising the , 00p can be 
elected such that they are no, complementary ,o ,he co.esponding nudeoudes of ,he ,arge, 
nuctae acid when sa,d probe ,s hybridized ,o said ,ar g e, nudeic acd and where said probe is 
complementary to a, ,eas, two non-contiguous subsequences of said target nucleic acid 

In another embodiment, the fluorescent nucleotide is present in a terminal 
subsequence of the nucleic acid probe where the terminal subsequence does no, hybridize ,o 
he targe, „uc,e,c acid when ,he remainder of said nucleic acid probe hybndizes to said 

a t The ^ ™? «-» » ™ * hybridiza,,o„ 

w a second subse q ue„ce of ,he probe such ,ha, the fluorescent nucleotide is present in a 
'oop of said hairpin and does no, participate in complementary base pairing 

Particularly preferred detection methods involve detecting an increase in 
fluorescence of the fluorescent nucleo.ide when ,he probe forms a hybrid duple, wi.h ,he 
■arge. nucleic acid. ,„ preferred label oligonuc.eo.ides, ,he fluorescent nucleotides inc.ude 
one or more of any of the fluorescent nucleotide analogues described herein 

In another embodiment, this invention provides methods of amplifying 
nucleic acid. The methods involve providing in a nucleic acid amplification J, label 
ol.gonucleot.de comprising a fluorescent nuc.eonde analog, where ,he label oligonucleo J 
imposes a nuclide sequence such ,ha, when an amplification product is formed „ 
nuc =, c a d amphflcon reaction using the m , x ,ure, the labe, oligonucleotide hybridizes to 
.he amp„r,ca„o„ product or ,o a subsequence thereof and forms a loop in which aid 
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fluorescent nucleotide analogue does not participate in complementary base pairing. The 
hybridization of the label oligonucleotide to the amplification product produces a change in 
fluorescence that is detected. The label oligonucleotide can be a primer in the amplification 
reaction or it can be a separate label that does not act as a primer in the amplification 
5 reaction. The label oligonucleotide can include any of the above-described probes or label 

oligonucleotides described herein. 

In still yet another embodiment, this invention provides fluorescent labels. 
The labels comprising any of the probes or label oligonucleotides described herein • 
hybridized to a target nucleic acid forming a hybrid duplex in which said fluorescent 
10 nucleotide does not participate in complementary base pairing with a nucleotide of said 

target nucleic acid. 

It was also a discovery of this invention that the signal produced by a label 
oligonucleotide hybridizing in a complex mixture of nucleic acids can be improved by 
cutting (e.g., by shearing, acid hydrolyzing, or restriction digesting) the other nucleic acids 
1 5 (e.g, target, template, or other nucleic acids present in a sample) to a characteristic length 

and/or by providing an overabundance of the label oligonucleotide. This cutting step can be 
practiced in any of the methods described herein. The cutting alters hybridization kinetics to 
favor binding by the label oligonucleotide. While cutting to any shorter length improves 
label oligonucleotide binding so long as the target nucleic acid is not destroyed, in a 
20 preferred embodiment, the nucleic acids are cut to a length that substantially approximates 
the length of the target nucleic acid(s) (e.g., to a length no greater than 20 times, preferably 
no greater than 10 times, more preferably to a length no greater than 5 times, and most 
preferably to a length no greater than 2 times, 1.5 times or even no greater than 1 times the 
length of the label oligonucleotide). In a most preferred embodiment, the characteristic 
25 length is approximately the length of the label oligonucleotide. 

This invention also provides nucleic acid amplification mixtures comprising a 
label oligonucleotide and a DNA polymerase, wherein said label oligonucleotide comprises 
a fluorescent nucleotide analog and has a nucleotide sequence such that when an 
amplification product is formed in a nucleic acid amplification reaction using the 
30 amplification mixture, the label oligonucleotide hybridizes to the amplification product or to 
a subsequence thereof and forms a loop in which said fluorescent nucleotide analogue does 
not participate in complementary base pairing. Again, the label oligonucleotide can be any 

of the probes or label oligonucleotides described herein 

3 
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™s invention also provides kits for p erformi „ g nuclejc acid ampllficaIions 
or for detecng the presence absence or qu a„ t i ly of . „ ucleic acid in . samp|e ^ 

h can fcrther compnse, one or more restriction enzymes, a buffer, a„d/or any of the 
other reagents use&l for practicing the method ,o which the ki, is Greeted. 
DEFINITIONS 

d H" ^ temS "" UCle0 " de " ° r "" UCle0,ide m0 " 0mer " as used herein, refer to the 
»dard nuclides; adenosine, guanosine, cytidine, thymidme. and urac,,, or derivative 
of these nudeot.des. Such derivatives inc.ude, bu, are no, limited to. inosine 5- 
romodeoxycytidine, 5-bromo-deox^rid.ne, W-methyl-deoxyadenosine 

deoxycyttdtne. The terms also include nucleotide analogues, more preferably fluorescent 
nuc e 0t de anaIogues indudmg ta |imi(ed (o 2 ammo purjne ^ 

nudeot.des disclosed herein, or any of the other fluorescent nucleotides disclosed herein 

A -fluorescent nucleotide" or a "fluorescent nucleotide analogue" refers to a 
nuclecde or nuclide a„a,o gU e tha, is capable of emitting a fluorescent si „a, when 
■ ummated wtth light of an appropriate wavelength. The fluorescent signal is reduced or 

e hmtnated when the nucleotide is incorporated into an oligonucleotide. However, as long as 
•he n UC e 0tlde ana|ogue em , [s a ^ ^ ^ ^ g 

preferably above 0. 1 and most preferably above 0,5 when i, ex.sts as a monomer ,„ an 
aqueous solution it is regarded as a fluorescent nucleotide. 

A "pteridtne nucleotide" or a "lumazine nucleotide" refer to fluorescent 
nucleottde analogues in whtch the base portton of the molecule is a pteridine/pteridine 
denvattve or a lumazine/lumazine denvative respectively. „ is recognized ,ha, lumazines 
are a subclass of pteridines. umazines 

Ouan, J"' " flUOreSCe " Ce inttnsi,y " to «» q"-,um yield of a molecule 
Qu-u™ y,e,d ,s typ.cally expressed as a relative quantum yield (relative to a standard, and 

I Em std 

Qstd ( 



Abs 



Q = 



s t d 



J Em 



Sample 



sample 
b 



WO 98/26093 



PCT/US97/22448 



where Q std is the quantum yield of a standard, EIVU, is the emission of a standard, ABS std is 
the absorbance of a standard, EM sample is the emission of a sample, and ABS samp ie is the 
absorbance of a standard. In a preferred embodiment, the standard is quinine sulfate (QS) 
which has a quantum yield of 0.51 as reported by the National Bureau of Standards 
(Velapoldi and Mienenz (1980) Nat. Bur. Standards Vol. 260-64). Thus, in a preferred 
embodiment, the relative quantum yield is thus the ratio of the integral of the emission scan 
of quinine sulfate (Em sld =EM QS ) divided by the absorbance (optical density) of the quinine 
sulfate at the excitation wavelength (Abs std ) to the integral of the sample emission scan 
(Emsampie) divided by the absorbance (optical density) of the sample at the excitation 
wavelength. Relative quantum yield thus provides a measure of the efficiency of the 
fluorophore in converting absorbed light to emitted light. Methods of determining relative 
quantum yield are well known to those of skill in the art {see, e.g., Velapoldi and Mienenz, 
supra.). Fluorescence intensity is measured by any of a number of means well known to 
those of skill in the art. In a preferred embodiment, fluorescence intensity is determined in 
an aqueous solution using a fluorometer. 

The term "oligonucleotide", as used herein, refers to a molecule comprised of 
two or more deoxyribonucleotides, ribonucleotides, modified ribonucleotides, modified 
dexoyribonucleotides, fluorescent or non-fluorescent ribonucleotide analogs, or fluorescent 
or non-fluorescent deoxyribonucleotide analogs. The exact size of an oligonucleotide 
depends on many factors and the ultimate function or use of the oligonucleotide. Generally, 
chemically synthesized oligonucleotides range in length from 2 to 200 bases, although, it is 
well known that oligonucleotides may be ligated together to provide longer sequences. As 
used herein, the term "oligonucleotide" also encompasses these longer sequences. It is also 
recognized that double-stranded polynucleotides may be created by hybridization with a 
complementary sequence or enzymatically through primer extension. 

The term "label oligonucleotide", as used herein, refers to an oligonucleotide 
incorporating one or more fluorescent nucleotide analogues. The fluorescence activity of the 
nucleotide analogue(s) may be quenched partially or to a non-detectable level when the label 
oligonucleotide achieves a substantially linear conformation {i.e., the constituent bases, more 
particularly the fluorescent nucleotide(s), participate in normal base stacking). Preferred 
label oligonucleotides of this invention are capable of achieving a conformation, when 
hybridized to themselves or another nucleic acid or when bound by a nucleic acid binding 
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prcein, in which t he quench (reduction of fluorescence ac,ivi ty (nMMity) of the - 

■ncreased fluorescence when present in ,ha t conformation. The ,ahe, oligonucleoudes 
_„ are dis,i„g uis hed from iabeled o,igo»uc,eo„des which are oltglc^ J 
* whtcn ,s attached a ,abe,. The labeled ohgonucleottde can of course be attached 1 H , A 

phosphod,ester linkage or indirectly through a linker. 

"Subsequence" refers to a sequence of nucleic acids that comprise a part of a 
longer sequence of nucleic acids. uprise a part of a 

The terms -targe, nucleic acid" or "targe, oligonudeotide" refer to the nucleic 
a .d sequent or nucieic acid subsequence tha, is to be detected using one or mor 2 
ohgonucleotides of , his i„ven,ion. The .abe, oligonucleotides typica ,y hybridl a 
par, of the ,arge, nucleic acid under s,„„ge„, conditions. ' " ' 

The term -corresponding nucleotide", is used to refer the position of a 
nucleottde ,n a firs, nucieic acid by reference ,o a second nuCeic acid Thus a 
correspondmg „uc,eo U de refers ,o a nucleo.ide tha, would fo™ a commentary base pair 
(». would hydrogen bond) w i, h ,„ e nucleotide in the first nucietc acid to which L 
correspondence is drawn, were ,he firs, and second nucieic acids perfedy complement 
and hybndrzed under stringent conditions "Plememary 

Hybridization refers to the specific binding of two nucleic acids through 
momentary base pairing. Hybridization typical.y involves the forma,io„ of hydrogen 

"Bi„d(s) subs,a„,ially" refers t „ complementary hybridi 2 a,i on between a 
P,obe nucle.c acd and a target nuclete acid and embraces minor mismatches that can be 

aetecnon of the target polynucleotide sequence. 

The phrase "hybridizing specifically to", refers to the binding, duplexmg or 
^br,d,z,„g of a molecule on,y to a par,,c„,ar nucleo.de sequence or subseq e»c e u 2 
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hybridize specifically at higher temperatures. Generally, stringent conditions are selected to 
be about 5°C lower than the thermal melting point (T m ) for the specific sequence at a defined 
ionic strength and pH. The T m is the temperature (under defined ionic strength, pH, and 
nucleic acid concentration) at which 50% of the probes complementary to the target 
5 sequence hybridize to the target sequence at equilibrium. (As the target sequences are 
generally present in excess, at T m , 50% of the probes are occupied at equilibrium). 
Typically, stringent conditions will be those in which the salt concentration is at least about 
0.01 to 1 .0 M Na ion concentration (or other salts) at pH 7.0 to 8.3 and the temperature is at 
least about 30°C for short probes (e.g., 10 to 50 nucleotides). Stringent conditions may also 
1 0 be achieved with the addition of destabilizing agents such as formamide. 

The term complementary base pair refers to a pair of bases (nucleotides) each 
in a separate nucleic acid in which each base of the pair is hydrogen bonded to the other. A 
"classical" (Watson-Crick) base pair always contains one purine and one pyrimidine; 
adenine pairs specifically with thymine (A-T), guanine with cytosine (G-C), uracil with 
1 5 adenine (U-A). The two bases in a classical base pair are said to be complementary to each 
other. 

A "nucleic acid amplification mixture" refers to the reaction mixture used to 
amplify a nucleic acid. The amplification may be by any method including but not limited to 
PCR, long range PCR, ligase chain reaction, self-sustained sequence replication, and the 
20 like. Typical nucleic acid amplification mixtures (e.g., PCR reaction mixture) include a 

nucleic acid template that is to be amplified, a nucleic acid polymerase, nucleic acid primer 
sequence(s), and nucleotide triphosphates, and a buffer containing all of the ion species 
required for the amplification reaction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 F ig ur e l illustrates the results of PCR amplification of a Pax3 template with a 

separate label oligonucleotide as described in Example 3. The graphs labeled A, est and B test 
are amplified with PCR primers at 0.5 mM and at 0.2 mM respectively. The graphs labeled 
Actri and B ctr i are controls; the same reaction mixture absent thermocycling. 

Figure 2 shows the sequence of the tMyc gene. Sites that are appropriate for 
30 insertion of the fluorophore are in bold. A restriction site map of the gene reveals sites 

which bracket the fluorophore insertion site resulting in a sequence of 20-38 bases for each 

3 
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ii e s.27 ampie ' the si,es for which is ,oca,ed tases s% «* « 

H. VPrr, ■ Fi8Ure 3 PfOVideS HXB2 reS ' riCltan ^ Sh ° wi "8 «"«. sk39, and 
HIVPCR regtons. Primers are underlined and bold, HIVPCR is bold only. 

DETAILED DESCRIPTION 

This invention provides new methods and compositions for the detection of 
nucle.c actd tnteractions with other nucleic acids or with protein, The methods and 
compos.t.ons u,i,i Z e fluorescent nucleotide anal og s as fluorescent moieties and thus are 
h.ghly compat.ble w,,h nucleic actd hybridization react.ons and nucleic acid/protein 

0 interactions. F 

In particular, this invention is based, in par,, on the surprising discovery tha, 
fluorescent nuc,eo,.de analogues whose fluorescence is auenched when they are 

ZTdTd into ;." go ; uc,eotides ca - -™ — <* «« <*«■» ^ m ac , ivi , y 

res red y d , ( , £ ^ or ^ ^ ^ 

' W .hou, be,„ g bound to a particuiar theory, i, is believed that ouenching is medled by 
•nteract.ons with adjacent nucleotides when the fluorescent nucleotide undergoes norma, 
base s, ack Disruption of the norma, base stacking of the fluorescent nucleotide e g by 
k.nktng or fdding the subject Cgonucleotidc, diminishes or eliminates these interactions 
thereby restoring some or all of the fluorescence activity. 

Oligonucleotides can be designed tha, contain fluorescent nucleotides in a 
con ormatton tha, does no, permit normal base stacking. This can be a permanent feature of 
he o„go„uc,eo,.de, such a nairp.n produced by self-complementarity, in which case the 
fluorescent nucleotide in the hairpin wili always fluoresce. Alternatively the 
ohgonudeotide can be designed so tha. normal base stacking is disced o„,y when the 
oNgonucleotide is hybrids to a targe, nucleic acid or bound by a nucleic acid binding 
protetn. r„ this instance, the fluorescent oligonucleotide will fluoresce or increase 
fluorescence when the subject oligonucleotide hybridi.es to its target. The molecule thus 
a ,s hke a molecular beacon that only fluoresces when i, is hybridized to a target The 
oligonucleotides of thts invention are thus -labe. oligonucleotides" tha, can act either as 
constant fluorescent labels or as molecular beacons that turn on to indicate mo,ec„,ar 
interactions. 
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f. Uses of Fluorescent Olig onucleotides. 

One of skill in the art will appreciate that the methods and molecules of this 
invention can be used in a wide variety of contexts. Three particularly preferred 
embodiments include the use of label oligonucleotides of this invention as "always 
5 fluorescent labels", the use of label oligonucleotides of this invention as "molecular 

beacons", and the use of label oligonucleotides of this invention as indicators in nucleic acid 
amplification reactions. These applications are discussed in detail below. 

Always on labels. 

As indicated above, this invention is premised, in part, on the discovery that 
1 0 fluorescent nucleotide analogues whose fluorescence is quenched when they are 

incorporated into oligonucleotides can have some or all of the original fluorescence activity 
restored by disrupting {i.e., folding) the oligonucleotide. In one preferred embodiment, this 
invention provides oligonucleotides that are self complementary such that they form one or 
more hairpin loops through self-hybridization where each loop contains one or more 
1 5 fluorescent nucleotides in a conformation that prevents the fluorescent nucleotides from 

forming complementary base pairs. Under conditions that permit self-hybridization, normal 
base stacking of the fluorescent nucleotide is disrupted and the nucleotide fluoresces. These 
oligonucleotides thus continuously fluoresce and provide useful "always on" labels. Always 
on labels can also be produced by placing the fluorescent nucleotide at the 3' or 5' terminus, 
20 most preferably at the 5' terminus. In this position the fluorescent nucleotide, lacking a 

neighbor, is not as quenched as when it is located within the oligonucleotide. The "always 
on" fluorescence labels can be used in a manner analogous to fluorescent labels (e.g., 
fluorescein, rhodamine, etc.) known in the prior art. 

Uses of such fluorescent labels are well known to those of skill in the art. 
25 They may be utilized for labeling virtually anything ranging from macroscopic objects to 
individual molecules. Thus, for example, various articles of manufacture (e.g., computer 
chips) can be labeled by attachment of the "always on" label oligonucleotides of this 
invention. The label will remain essentially undetected until the object is specifically 
examined for the presence of a fluorescent moiety, e.g., by illuminating the object with an 
30 appropriate excitation light source. Such labels provide a means of unobtrusively labeling 
objects to provide inventory tracking, an indication of ownership, and/or an indication of 
place of manufacture especially when such objects are misappropriated. 
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In a more preferred embodiment, the fluorescent oligonucleotides of this 
mvent.on are used to label molecules, more preferab,y biological molecules such as other 
nuc e,c acds, proteins, and the like. Particularly preferred molecules ,o be (abeled include 
n„bo ,es, g row,h factors, ce„-surface receptors, .Cns, Hormones, and the like. Indel 

nucletc ac,d. The o,i g o„uc,eo,des of this invention can be linked t0 the subject mo.ecules 
*' prote,ns ' or nudeic "cids, directly, or through a linker. 

Suitable linkers attaching nucleic acids to other molecules are well known to 
of *, ,„ the art, Oe„era„y linkers are either betero- or homo-biWtiona, molecu.es 

d °, or ; ore reac,,ve sites that may each form a ~ *>■* - <>*»*> 

, mvention may be joined to the subject mo,ecu,e by a peptide linker, by a straight or 
branched cham carbon charn linker, or by a heterocyclic carbon. The linkers may attach to 
convene reactive moieties on the base (,,„ NH, , 0 available hydroxy| ^ 

1 ?r ,na ' Ph0SPha ' e -gents such as ac„ve 

ste, of N-ethylmaleimide have been widely used (see. e. g .. Lerner (im)Proc J, 

y Sc. USA . 78: 3 4 03-3«i,agawa e „, ^, Biochem „ ^1^1 
su.table linkers are we,, known to those of ski,, in the art („. e . g ., Chapter 4 ,„ 
20 ^sa„ d , pplicallons , Bircn and UmKX 

20 Inc. New York (1994)). y ' 

B) Moleriila r bearnns 

In a particularly preferred embodiment, the oligonudeotides of this invention 
ave a nucleotide seouence that e„ab,es the molecules ,0 ac, as molecu.ar beacons T e 
erm molecular beacon-, as used herein refers ,„ a mo.ecu.e capable of partic.pating in a 
-5 specific btnd.ng reaction and whose fluorescence activtty changes when the molecu e 
participates in that binding reaction. 

Thus, for example, preferred molecular beacons of this invention are label 
ohgo„uc,eo.,des that show ,it tI e or no fluorescence activity when the molecu.e is free in 
o solution and ye, show a detectable increase in fluorescence activity when bound to their 
arget substrate. The mo,ecu,es are designed so that interaction ( e.,, binding) with the 

Oarget) mo.ecule introduces a change in conformation of the ,abe, gonudlide 
«« -ults .„ a reduction of the ouenching of fluorescent „ U c,e„ti d e(s) present in the 
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label oligonucleotide. Such changes in conformation preferably involve a disruption of the 
normal base stacking of the fluorescent nucleotide in the label oligonucleotide. Such 
disruptions are preferably produced by a one or more base pair mismatch between the label 
oligonucleotide and its target when the molecules are hybridized, by the formation of loops 
(e.g., hairpins) in the label oligonucleotide, by lack of complementarity between the 
fluorescent nucleotides and the corresponding nucleotides in the target, by folds introduced 
into the label oligonucleotides during protein binding interactions, and the like. The design 
of such label oligonucleotides is illustrated and explained below in Section II. 

Particularly preferred molecular beacons have a relative quantum yield in the 
unbound (quenched) state that ranges from undetectable to about 0.8, more preferably from 
undetectable to about 0. 1 M and most preferably from undetectable to about 0.05. 

Virtually any detectable change in fluorescence on binding is useful. 
However, the larger the change in fluorescence, the easier it is to detect the binding event 
Thus preferred molecular beacons show a 2-fold increase, more preferably at least a 5-fold 
increase and most preferably at least a 10-fold increase in fluorescence intensity on binding 

to the target molecule. 

Because the molecular beacons of this invention provide little or no 
fluorescent signal in the unbound state, the unbound or non-specifically bound 
oligonucleotides contribute little or no fluorescence to a background signal. Use of the 
molecular beacons of this invention thus provides an improved signal to noise ratio in 
nucleic acid hybridizations as compared to the use of "always on" fluorescent labels. The 
fluorescent labels of this invention are thus particularly well suited for the detection of 
nucleic acid hybridization in a wide variety of contexts including, but not limited to, nucleic 
acid hybridization arrays, Southern blot hybridizations, in situ hybridization, and the like. 

As indicated above, the label oligonucleotides can also be used to detect 
interactions with nucleic acid binding proteins (or other molecules). The fluorescent 
nucleotide analogue(s) present in the label oligonucleotide are located so that the normal 
planar base stacking is disrupted when the label oligonucleotide is bound by a protein (e.g., 
rec A protein, PI nuclease, fflV integrase, estrogen receptor, etc.). Again, the disruption 
reduces or eliminates the "quench" resulting in an increase in fluorescence activity of the 
protein/label oligonucleotide complex. The increased fluorescence can be easily detected as 
discussed below. The label oligonucleotide sequence is selected to that the label 
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oli g o„uc,eotide is recognized and bound by the particular pro t ei„ (or o.her molecule) of 
interest. ' 

C) Nliclftif ari d amp lifit-ntmn 

In another preferred embodiment, the label oligonucleotides of this invention 
prov.de a means of detecting , he presence and/or absence and/or q ua„,.f yi „ g the product of a 
nucle.c acd amplification reaction. ,„ this embodiment, the nucleotide sequence of the label 
ohgonuCeot.de is seiected so that ,he base stacking of the fluorescent nucleotide© is no, 
disrupted unless an amplification product is present. 

In a preferred embodiment, the label oligonucleotide does not itself 
pamcpate in the amplification reaction. It is simply present as a separate indicator 
molecule. In this context, the label oligonucleotide nucleotide sequence ,s selected so that a 
cop containing the fluorescent nucleotide© is formed when the label oligonucleotide 
hybnd,zes to the amplification product. As amplification product is formed the label 
ohgonucleotide hybridizes to that product, disrupting the base pair stacking and thereby 
mcreas.ng „s fluorescence activity. As long as the label oligonucleotide is present in a 
molar excess (of the amplification product) the change in fluorescence intensity in the 
react™ vessel ,s proportional to the amount of amplification product. However i, is also 
destrable to maximize the signal to noise ratio. Therefore, in a preferred embodiment the 
mo ar excess of label oligonucleotide is kept as ,o„ as possible to minimize generation of a 
background signal. 

This approach eliminates the laborious and time consuming steps (e g. gel 
electrophoresis of the reaction product) typically required to determine the presence or 
absence and/or quantify the reaction product. The amphfication methods of this invention 

thus prov.de a rapid means of detecting or quantifying the resuhs of an amplification-based 

assay. 

The amplification methods of this invention are particularly well suited to use 
md.agnostic applications. Thus, for example, where it is desired to detec, the presence 
absence, or severity of a pathological state, or an infection by detecting a nucleic acid ' 
characteristic of the pathological state or infecting pathogen, the characteristic nucleic acid 
or a subsequence thereof, is amplified from a biological sample using the amplification ' 
methods of this invention. The amplification mixture is then directly assayed for 
fluorescence providing a rapid and sensitive meagre of the amount of amplification product 
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No electrophoretic gels or other separation and/or quantification methods are necessary The 
method thus provides a rapid diagnostic assay. In addition, because these methods, utilize 
essentially a single step reaction in a nucleic acid amplification system they are also well 
suited to automated detection and/or quantification of reaction product. 

Methods of performing nucleic acid amplification reactions are well known to 
those of skill in the art. For example, detailed protocols for performing polymerase chain 
reaction are found in PCR Protocols, A Guide to Methods and Applications, Innis et ai. 
Academic Press, Inc. N.Y., (1990). Similarly, long range PCR (LR-PCR) is described by 
Barnes (1994) Proc. Natl. Acad. Sci. USA, 91: 2216-2220 and Cheng et al. (1994) Proc. 
Natl. Acad. Sci. USA, 91: 5695-5699 Other suitable amplification methods include, but are 
not limited to ligase chain reaction (LCR) (see Wu and Wallace (1989) Genomics, (1989) 4: 
560, Landegren, etal. (1988) Science. 241: 1077, and Barringer, et al. (1990) Gene, 89: U7, 
transcription amplification (Kwoh, et al. (1989) Proc. Natl. Acad. Sci. USA, 86: 1 173), and 
self-sustained sequence replication (Guatelli, et al. (1990) Proc. Nat. Acad. Sci. USA, 87: 
1874). 

II. Nucleic Acid Se q uence selection. 

As indicated above, the oligonucleotides of this invention contain one or 
more fluorescent nucleotide analogues. In addition, the nucleotide sequences of the 
oligonucleotides are selected such that the normal base stacking of the fluorescent nucleotide 
analogue and/or its adjacent nucleotides is disrupted either through self-hybridization of the 
oligonucleotide or when the oligonucleotide hybridizes to a target nucleic acid or when the 
oligonucleotide participates in a protein/DNA interaction. This is typically accomplished 
when the fluorescent nucleotide analogue(s) are located in loop(s). 

The term nucleic acid loop, as used herein, refers to a region of one or more 
contiguous nucleic acids that do not participate in normal (e.g., purine/pyrimidine hydrogen 
bond formation) base pairing when the nucleic acid is hybridized to an otherwise 
complementary target nucleic acid. A loop also refers to a disruption of the normal planar 
base stacking of the nucleotide caused by binding of a nucleic acid binding protein (e.g.jzc 
A protein, PI nuclease, fflV integrase, estrogen receptor, etc.). 

In a preferred embodiment, the loops of this invention are formed as 
insertions in nucleic acid sequences. The insertion may comprise one or more nucleotides. 

As used herein an insertion refers to the addition of one or more nucleotides into an 
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oligonucleotide tha, ,s o,herwise complement ,o a , arge , „ uc ,ei c acid or target nuclide 
subsequence. The insertion , s thus recogm2ed fcy refc ^ ^ ^ ^ ^ 

sequence or subsequence. One ofs k i„ wi„ apprecia t e that an insertion need „o t be produced 
by actual physical ,„ sertion of one or mor£ addilional ^ ^ ^ 

e*,s,,ng ol.gonucleotide, bu, rather simp ly reflects the presence of the extra „uc,eo.ide(s) 
w,.h reference to a particular targe, sequence or subsequence. Thus the msert.on-containing 
CgonuCeottde can be synthesized * noW . Alternatively the msertion can be created by 
delet.ng one or more nuclides ,„ the targe, sequence or subsequence, or by synthesizing 
(**. polymenzmg) , ,a rge , sequence or subsequence lacxing nucleotides corresponding ,o 
1 0 one or more nucleotides in the label oligonucleotide. 

An example of an oligonucleotide of this invention with a one base insertton 
,s shown ,„ Formula I, whi.e a three base insertion is illustrated in Formula 11. 

ACGTATGFTTCGAC ACGTATG^TCGAC 
TGCATACAAGCTG " TGCATAC-AAGCTG 

Before Hybridization Ma Hybridization 



20 



F 
C T 

ACGTATG TTCGAC 
TGCATACAAGCTG ~* ' ' ' i 'J ' I I I I I I II 



ACGTATGCFTTTCGAC 
+ 

TGCATACAAGCTG ^ > > ■ i i 

25 ^ TGCATAC-AAGCTG 

Before Hybridization aa—uu-j- ■ 

Alter Hybridization 



30 



35 



These formulas Ulustrate, ha, anuealing (hybridization) pushes the unmatched 
ucleo,, es ou, of the stacxed conforms. This results ,n an increase in ,he fluoresce* 
na . As indicated above, ,he insertion can be as sma,, as one base or virtually unlimited in 
length. There ,s essentially no limitation in the length of an insertion. In a preferred 
embodtmen,, however, the sequence of the insertion is selected such tha, when the label 
ohgonucleotide is hybridized to i, target, the base stacxtng of the fluorescent „uc,eo„de(s) is 
dtsrupted thereby mcreasmg the fluorescence intensity of the subject fluorescent 
nucleotide(s). Preferred insertions range in length from 1 nucleotide t o about ,00 
nucleotides, more preferably from , to about 20 nucleottdes, most preferably from I to abou, 
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10 



10, I to about 5, or even 1 to about 3 nucleotides. In one particularly preferred embodiment, 
the insertion is a single nucleotide insertion comprising the fluorescent nucleotide analogue. 

The loop-forming insertions can include nucleotides capable of forming 
complementary base pairs within the loop resulting in a hairpin conformation as illustrated in 
formula III. 

F 

C T 
T-A 
T-A 
C-G 

ACGTATG TTCGAC 

->■ Mi II II MM II 

TGCATACAAAGCTG 



15 



ACGTATGCTTCFTAAGTTCGAC 
TGCATACAAAGCTG 

Before Hybridization 



After Hybridization 



III 



The hairpin conformation can be one that is stabilized by hybridization to the 
target nucleic acid as illustrated in Formula IH, or it can be a stable formation in the label 
oligonucleotide even when the label oligonucleotide is not hybridized to the target substrate. 
20 In this case the base stacking of the label oligonucleotide is always disrupted resulting in a 
continually elevated fluorescence activity. The label oligonucleotide is an "always-on M 
label. Of course, the hairpin formation can be intgrnal to the label oligonucleotide or 
alternatively can be formed at the terminus of the label oligonucleotide. Always on labels 
are illustrated in Formulas TV and V. 
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15 



20 



25 



30 



35 



F 

C T 
T-A 
T-A 
C-G 
G-C 
A-T 

ACGTATG TTCGAC 
+ 

TGCATACAAAGCTG 



Before Hybridization 

GCTGAC 

II I I I 
ACGTATGTTCGACAT 



— > 



TGCATACAA 



Before Hybridization 



F 

C T 
T-A 
T-A 
C-G 
G-C 
A-T 

ACGTATG TTCGAC 

IINIII IMlll 

TGCATACAAAGCTG 



After Hybridization 

GCTGAC 

MM I 

ACGTATGTTCGACAT 

IMIIIMI 

TGCATACAA 
After Hybridization 



IV 



V 



The label oligonucleotides of this invention can include one or more of the 
above-described loops. In addition, any loop can include one or more fluorescent nucleotide 
analogues. It was a discovery of this invention that the pteridine nucleotide analogues 
described below are particularly well quenched by adjacent nucleotides, in particular by 
adjacent purines. Thus in a particularly preferred embodiment the fluorescent nucleotide 
analogue^) are located adjacent to one or more purines (e.g.. adenosine or guanosine) more 
preferably the nucleotide analogue(s) are located between two adenosines and most 
preferably the nucleotide analogue(s) are located with at least two adenosines on each side. 

In still another embodiment, this invention provides method of nucleic acid 
amplification in which the detection of a nucleic acid amplification product is detected by 
formation of a loop in a label oligonucleotide of this invention. The label oligonucleotide 
can be provided as a separate label in the amplification reaction mixture and the label can 
include any of the above described oligonucleotide labels. The amplification product is then 
detected by hybridization with an always on label of this invention or by the formation of a 
loop in one of the molecular beacons of this invention. 

The particular sequences of the label oligonucleotides will be selected to 
provide one or more of the above described loop formations when the label oligonucleotide 
•s hybridized to the target nucleic acid, when the label oligonucleotide is bound in a nucleic 
acid/polypeptide interaction, or when the label oligonucleotide is or otherwise bound to a 
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subject molecule. Where desired, the nucleic acid sequence is also selected to provide the 
requisite sequence for hybridization to a particular nucleic acid target or for recognition and 
binding by a polypeptide. Similarly, where the nucleic acid is used as an amplification 
primer as described above, the sequence will be selected to provide appropriate priming in 
5 addition to the label functionality. 

Methods of selecting and optimizing nucleic acid sequences for hybridization 
to particular targets and/or internal hybridization and/or priming of particular templates are 
well known to those of skill in the art (see, e.g., Innis et al. (1990) PCR Protocols, A Guide 
to Methods and Applications, Innis et al., Academic Press, Inc. N Y ). Such optimization is 
1 0 simplified by the use of nucleic acid sequence analysis software. Such software is well 
known to those of skill in the art and includes, but is not limited to, HyperPCR, Loop 
Viewer, MulFold, Primer, and Amplify (available on the internet at PubNet), GeneWorks7, 
GeneJocky, DNA Strider, LaserGene (DNAStar, Madison, Wisconsin, USA), and the like. 

The label oligonucleotides of this invention can be prepared by any of a wide 
1 5 variety of chemical and enzymatic methods. Chemical synthesis can be performed in solid 
phase or in solution. Generally, solid phase synthesis is preferred. Detailed descriptions of 
the procedures for solid phase synthesis of oligonucleotides by phosphite-triester, 
phosphotriester, and H-phosphonate chemistries are widely available (see, e.g., Itakura, U.S. 
Pat. No 4,401 ,796; Caruthers et al, U.S. Pat. Nos. 4,458,066 and 4,500,707; Beaucage et 
20 al., (1981) Tetrahedron Lett:, 22: 1859-1862; Matteucci et al. (1981)7. Amer. Chem. Soc, 
103: 3185-3191; Caruthers et al. (1982) Genetic Engineering, 4. 1-17; Jones, chapter 2, 
Atkinson et al., chapter 3, and Sproat et al., chapter 4, in Gait, ed. Oligonucleotide Synthesis: 
A Practical Approach, ERL Press, Washington D C. (1984); Froehler et al. (1986) 
Tetrahedron Lett., 27: 469-472; Froehler et al. (1986) Nucleic Acids Res., 14: 5399-5407; 
25 Sinha et al. (1983) Tetrahedron Lett., 24: 5843-5846; and Sinha et al. (1984) Nucl. Acids 

Res., 12: 4539-4557). 

One of skill in the art will appreciate that incorporation of the fluorescent 
nucleotide analogues into an oligonucleotide during chemical synthesis is preferably 
accomplished by derivatizing the fluorescent nucleotide as a protected nucleotide monomer 
30 reagent (e.g., as a phorphoramidite) compatible with the particular synthesis chemistry used 
to produce the oligonucleotide. Means of so derivatizing nucleotide analogues are well 
known to those of skill in the art. Typically this involves blocking the exocyclic amines 

and/or other reactive groups purine or pyrimidineanalogue, derivatizing the phosphite 
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mo.ety o„ the nbose with a reactive group appropriate to the particular s y „«het,c chemis,r y 
contemplated, and blocking ,„e y h yd rox y , „i tll . piecing gr0 up that may b e remover, 
durmg s y n,hes,s ,o facihtate ,he s,epw is e coup.ing „f derivatized nucleo , ides tQ ^ p 
tn.au, , ofthe growing oligonucleotide. Where the sugar of the nucleotide analogue is a 
nbose, the reactive X- h y drox y , group shourd mus , also be protected The selecon of 
protect,^ gro ups is we „ known to those of ski,, ,„ the art. See. for e Xample o Kem el a , 
099,, Pro^e Groups ,„ Or ga ,„e Syn ,He,s. l niie< , 0 „„ Wi.e y & Sons, Inc Somerset, 

lnparticular ' thede ™' i ^™ofparticu l arp,eri d i„esandlur„azi„esas 
phosphoramidites and their incorporation into oligonucleotides using solid-phase 
phosphotriester chemistry is described in detail in U S Paten. 5,525 711 (see also 

^^«<^toc^^ (I991)74:IM1 . 1WiBliiii ^ 

" 74: 2ooo - 2o ° 7 ' - — * - ■ — — 

No. 0439036A2) The der,v,t,za„on of pteridines as nucleotide triphosphates is ate 
described in U.S. Patent No. 5,525,71 1 

Alternatively the label oligonucleotides of this invention can be prepared 
us,ng enzymatic methods This typically involves providing a template having a nucleotide 
sequence complementary to that of the desired label oligonucleotide The label 
ohgonucleotide is then produced by primer extension through po.ymerization of nucleotide 
nphosphate in solution using a nucleic acid polymerase (e.g.. DNA or RNA poiymerase) 
In th,s mstance, the fluorescent oligonucleotide analogues are provided as nucleotide 
.nphosphate for incorporation by the polymerase. Methods of enzymaticafly synthesizing 
nuc e,c acds are we,l known to those of skill in the ar, (see. , g .. Henderson e, a,. (,o 73) 
MCeoMeMe.a^,, Academic Press, New York, Dav.dson (1972, THe B,ocHe mi s<ry of 
Nuclew Acids. Academic Press, New York, pp. 2 1 5-232). 

III. Hybridization .vi.i, i , bel oii ff n „„ rlt ,„,,M„ T 

As explained above, the label oligonucleotides of this invention can be used 
as always on" iabels and simplv attached to the mo.ecule or art.cle of interest JU s, like a„ y 
other fluorescent marker. Alternatively, the labe, oligonucleotides are used as molecu.ar 
beacons whose fluorescence activity increases when the molecules hybridize to a target 
nuc,e,c acid or nucleic acid subsequence or when the labe. oligonucleotides are bound by a 
target protein, y a 
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The nucleic acid hybridization simply involves providing a denatured label 
oligonucleotide probe and target nucleic acid under conditions where the probe and its target 
can form stable hybrid duplexes through complementary base pairing. As described above, 
the label oligonucleotides have nucleic acid sequences that introduce a change in 
5 conformation on hybridizing that increases the fluorescence activity of the fluorescent 

nucleotide(s) present in the label oligonucleotide. The resulting fluorescent hybrid duplexes 
are then detected, e.g., using a spectrofluorometer. 

It is generally recognized that nucleic acids are denatured by increasing the 
temperature or decreasing the salt concentration of the buffer containing the nucleic acids 
10 Under low stringency conditions {e.g., low temperature and/or high salt) hybrid duplexes 
{e.g., DNADNA, RNA:RNA, or RNA:DNA) will form even where the annealed sequences 
are not perfectly complementary. Thus specificity of hybridization is reduced at lower 
stringency. Conversely, at higher stringency {e.g., higher temperature or lower salt) 
successful hybridization requires fewer mismatches. 
1 5 One of skill in the art will appreciate that hybridization conditions may be 

selected to provide any degree of stringency. In a preferred embodiment, hybridization is 
performed at low stringency {e.g. about 20°C to about 5'0°C, more preferably about 30°C to 
about 40°C, and most preferably about 37°C and 6X SSPE-T or lower for an 
oligonucleotide) to ensure hybridization and then subsequent washes are performed at higher 
20 stringency {e.g., typically, stringent conditions will be those in which the salt concentration 
is at least about 0.01 to 1 .0 M Na ion concentration (or other salts) at pH 7.0 to 8.3 and the 
temperature is at least about 30°C for short probes {e.g., 10 to 50 nucleotides) and at least 
about 50°C or 60°C for longer probes). Successive hybridizations may be performed at 
increasingly higher stringency {e.g., down to as low as 0.25 X SSPE-T at 37°C to 50°C) until 
25 a desired level of hybridization specificity is obtained. Stringency can also be increased by 
addition of agents such as formamide. 

Hybridization specificity may be evaluated by specific labeling of nucleic 
acids separated in gel electrophoresis, and/or by evaluation of the signal to noise 
(background fluorescence), or by other methods well known to those of skill in the art. 
30 In general, there is a tradeoff between hybridization specificity (stringency) 

and signal intensity. Thus, in a preferred embodiment, the wash is performed at the highest 
stringency that produces consistent results and that provides a hybridization showing a 
readily detectable change in signal intensity {e.g., an increase in signal intensity of at least 
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20%, more preferably an increase in signal intensity of at least 50% and most preferably an 
increase in signal intensity of at least 100% (a doubling of signal intensity) over the 
background signal intensity. 

The background signal can also be reduced by the use of a detergent (e g. C- 
TAB) or a blocking reagent (e.g., sperm DNA, cot-1 DNA, etc.) during the hybridization to 
reduce non-specific binding. The use of blocking agents in hybridization is well known to 
those of skill in the art (see, e.g.. Chapter 8 in Laboratory Techniques in Biochemistry and 
Molecular Biology: Hybridation WUh Nucleic Acid Probes, Parti. Theory and Nucleic 
Acid Preparation, P. Tijssen, ed. Elsevier, NY. (1993)). 

The stability of duplexes formed between RNAs or DNAs are generally in the 
order of RNA:RNA > RNA:DNA > DNA:DNA, in solution. Long probes have better 
duplex stability with a target, but poorer discrimination than shorter probes. Shorter probes 
(e.g., 8-mers) are highly specific (discriminate mismatches very well), but the overall duplex 
stability is low. Methods of optimizing hybridization conditions are well known to those of 
skill in the art (see, e.g.. Laboratory Techniques in Biochemistry and Molecular Biology, 
Vol. 24: Hybridization With Nucleic Acid Probes, P. Tijssen, ed. Elsevier, N.Y., (1993)). 
IV. Sig nal Detection. 

Means of detecting the fluorescence signals produced by the label 
oligonucleotides of this invention are well known to those of skill in the art. Labeled target 
(sample) nucleic acids hybridized to the probes of the high density array are known to those 
of skill m the art. Typically detection is the same as that for any other fluorescent label 
Such detection involves exposing the fluorescent moiety (,,., the label oligonucleotide to an 
excitation illumination at the absorption wavelength of the fluorescent nucleotide analogue 
The light is absorbed and re-emitted at the emission wavelength of the fluorescent 
nucleotide. Devices for detecting fluorescent labels are commercially available and include 
but are not limited to, fluorometers, fluorescence microscopes, flow cytometers 
fluorescence plate readers, and the like (see, e.g.. Applied Imaging Corp, Santa Clara 
California, USA; Perkin-Elmer Corp., Norwalk, Connecticut, USA; and Photon Technology 
International, South Brunswick, New Jersey, USA). 

In a particularly preferred embodiment, fluorescence is detected using a PTI 
(Photon Technologies, Inc., New Brunswick, New Jersey, USA) spectrofluorometer with a 
double excitation monochromater, a water cooled photomultiplier, and a sample chamber 
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coupled with a water bath (Pharmacia LKB, Piscataway, New Jersey, USA). Low volume 
measurements can be made using an "H" style cuvette with excitation over the long (e.g., 1 
cm) path and emission through the short (e.g., 2 mm path). In another embodiment, 3 mm x 
3 mm square cuvettes with a brass adaptor have been successfully used. Measurements 
5 using systems like these are illustrated in Example I 

In another embodiment the fluorescence of the label oligonucleotide can be 
detected indirectly through energy transfer through a second and even a third fluorophore. 
In this embodiment, a second fluorophore is provided that has an absorption wavelength at 
or about the emission wavelength of the fluorescent nucleotide analogue. When a 
10 fluorescent nucleotide analogue is excited, the energy it releases is absorbed (e.g., through 
resonance energy transfer) by the second fluorophore which then fluoresces at its 
characteristic wavelength. This approach is particularly convenient where it is desired to 
shift the signal to a wavelength different than the characteristic fluorescence wavelength of 
the fluorescent nucleotide. Resonance energy transfer systems are well known to those of 
15 skill in the art (see, e.g., Forster (1948) Ann. Phys., 2: 55; Stryer et al. (1967) Proa. Natl. 
Acad. Sci. USA, 58: 719-726, and Stryler (191 &) Ann. Rev. Biochem., 47: 819). 

V. Enhancement of Signal Detection. 

In the label oligonucleotides of this invention, fluorophore containing nucleic 
acids bind with a (substantially) complementary target that does not contain a base-pairing 
20 partner for the fluorophore. As the label oligonucleotide probe hybridizes to its target, the 
fluorophore is squeezed out of the base stacking interactions responsible for quenching the 
fluorophore. This results in a substantial increase in fluorescence signal (e.g.. up to 14 fold), 
the precise magnitude of which is dependent on the surrounding sequence. 

However, where the label oligonucleotide probe is used in a mixture 
25 containing longer competing sequences, signal intensity is often diminished. Without being 
bound to a particular theory, it is believed this dimunition in signal is a consequence of 
hybridization kinetics. One problem with using short probes to bind to large (e.g., genomic 
sized) nucleic acids is that at hybridization temperatures characteristic for oligonucleotides, 
larger nucleic acids are highly favored in binding and outcompete the label probes for 
30 hybridization to the target nucleic acid. The shorter label oligonucleotides therefore remain 
in solution and self-quench thereby reducing or eliminating the signal. 
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r . H ° WeVer ' i,WaSadi — y»fhis i „ve„ ti o„,ha. l his effect can be off S e, and 
. Secant s.gna, restored by shlfting ,„ e bWing equilibrmm m ftvor ^ 

o gonucleottdes. Tuts can be accomplished b y providing a significant excess of |abd 

oligonucleotide. 

In addition or alternatively, and ,„ a preferred embodiment, the binding 
ecu ,br,u m can a,so be shifted by reducing the average size of the target nucleic acidL the 
-ure unt„ they more closely approximate the size of the label oligonucleotide TbJs s 
™os, s,m P ,y accompiished b y fragmenting the nucleic acids (,,, by sonication, extrusion 
."rough a porous membrane, acid treatment, or by the use of restriction endonucieases) T„ a 
» Purred embodiment the nucleic acids are digested by restriction endonucieases 
Restncon s.tes are quite abundant throughout most gene sequences and the average 
fragment length produced can be regulated by the size of the restriction site for whL a 
par«,c u , ar restnction endo „ uc]ease , ^ ^ ^ ^ 

^frequent y , h e site wiU occur in a sample and the longer the average fragm , j£ 
roduced by tgestion, „ „i„ be appreciated that ^ * 

use of several different restriction endonucieases. 

Means of selecting an endonuclease to provide a characteristic fragment 

length are well known to those of skf, ,„ the ar, (see, Ausubel e, al. ( ,o 97) Cm 

Protocols In Molecular Biology, Vol. / Wiley, New York). 

Where the nucleic acid i, is desired to detect (target nucleic acid) is amp.ified 
^ from a genomic ONA sampie, from a po, y A mRNA samp,e, etc. > i, is preferable 0 

,g s, the nuc,e,c acds after ampliation in order to avoid destruction of the template 

nd/or the restriction endonuclease. However, i, win be appreca.ed tha, the target 
(.emplate, ca „ be selected such tha, i, lacks the restricts sites that permit digestion in 
w .ch case „ may be possible ,o digest the sample prior to amplification. ,„ this instance 

posT T" end ° nUC ' eaSe(S) " toleraW ° rt, « ™ P ' ifati ™ — - » ™y e 
Posstble to perform the digestion simultaneous with the amplification protoco, 

I. w," also be appreciated that rather than decreasing the size of the other 

nuc,e,c acds m the mixture, ,on g er ,abe, ohgonucleo.ides can be used. Moreover ,, ,s 

expected that particu.ar target sequences wil, be detectaMe in.a genomic DNA sample 

-vtthout any amplification of the target sequence. 

The use of restriction digest to enhance label oligonucleotide signal is 
illustrated in Example 5 ^ 
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VI. Fluorescent nucleotide analogues. 

A large number of fluorescent nucleotide analogues are suitable for use in the 
methods and compositions of this invention. Fluorescent nucleotide analogues are well 
known to those of skill in the art. Fluorescent nucleotide analogues include, but are not 

5 limited to 2'-deoxyisoinosine (Seela et al. (1995) Nucleosides Nucleotides, 14: 863-866), 
formycin, 2-amino purine, 2,6-diaminopurine, and their derivatives (Ward et al. (1969) J. 
Biol Chem., 244: 1228-1237), 8-amino-9, 10-dihydro-10-oxo-3-(3-D -ribofuranosyt-3H- 
l,3,5-triazino[l,2-a]purine, 1 A'-metamorphosine (Leonard et al. (1984) J. Am. Chem. Soc. t 
106: 6847-6848), 2-pyrimidinone-l-p-D-riboside (Adams et al. (1994) Tet. Letts., 35: 1597- 

10 1600), fluorescent N-nucleosides and analogues (WO 93 16094), 3,6-dioxopyrimido(4,5-d) 
isoquinoline (IP 62059293, JP 91071437), etheno-substitued nucleotides (Leonard (1994) 
CRC Crit. Rev. Biochem., 15(2): 125-199, and the like. 

In a particularly preferred embodiment, the fluorescent nucleotide analogues 
are those described in U.S. Patent 5,525,71 1. As unprotected nucleotide monomers these 

1 5 fluorescent nucleotide analogues are pteridine nucleotides of Formula VIII. 




(VIII) 



These nucleotide monomers are pteridine derivatives with ring vertices 1 
through 8 as shown, where R n is combined with R 12 to form a single oxo oxygen joined by a 
double bond to ring vertex 4, or with R 13 to form a double bond between ring vertices 3 and 

20 4; R 12 , when not combined with R n , is NH 2 ; R 13 when not combined with R 11 is a lower 

alkyl or H; R 14 is either H, lower alkyl or phenyl; R 15 is combined with R 16 to form a single 
oxo oxygen joined by a double bond to ring vertex 2, or with R 17 to form a double bond 
between ring vertices 1 and 2, such that ring vertices 2 and 4 collectively bear at most one 
oxo oxygen; and R 16 when not combined with R 15 is H, phenyl, or NH 2 . When R 15 is not 

25 combined with R 16 , R 18 is combined with R 19 to form a single oxo oxygen joined by a double 

bond to ring vertex 7. When R 15 is combined with R 16 , R 18 is combined with R 20 to form a 

double bond between ring vertices 7 and 8, and R 19 is either H or a lower alkyl. R 17 when 

25 
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not combined with R» or R» when not combined ^ R „ ^ a ^ & 

hav,ng a phosphate attached through the 3' hydroxyl. In a preferred embodiment R' 4 is 

hydrogen, a methyl or a phenyl, more particularly a hydrogen or a methyl. 

In another preferred embodiment, R 16 , when not combined with R 15 is a 

hydrogen, a phenyl, or amino group. More preferably particularly, r" is a hydrogen or a 

phenyl. 

In yet another preferred embodiment when R 18 is combined with R 20 , R 19 is a 
hydrogen or a methyl. 

In still yet another preferred embodiment, R 14 is a hydrogen, a methyl or a 
Phenyl, R , when not combined with R» is a hydrogen, a phenyl or an amino, and when 
R is combined with R 20 , R 19 is a hydrogen or a methyl. 

Among the pteridine nucleotides used in the present invention nine 
embodiments are particularly preferred. In a first preferred embodiment R" is combined 
with R to form a double bond between ring vertices 3 and 4; R 12 i s NH 2 R 14 is H R 15 is 
combined with R 17 to form a double bond between ring vertices 1 and 2 R" is a phenyl R» 
.8 combined with R» to form a single oxo oxygen joined by a double bond to ring vertex 7 
and R 1S a ribose or deoxyribose bearing a 3« phosphate. This embodiment, designated I 
am,no-2-phenyl-8-(2-deoxy-p^^ 
nbofuranosyI)pteridine-7-one, is illustrated by formula EX. 




(IX) 

In a second preferred embodiment R n is combined with R 13 to form a double 
bond between ring vertices 3 and 4; R' 2 is NH 2 ; R 14 is a phenyl; R » is combined with R „ tQ 
form a double bond between ring vertices 1 and 2; r" is a hydrogen; R« is combined with 
t0 f ° rm 3 Smg,e ° XO - °^ en j° ined b y * double bond to ring vertex 7 and R 20 is a ribose 
or a deoxyribose bearing a 3' phosphate. This embodiment, designated 4-amino-6-pheny,-8- 
(2-deox y -3-D-ribofuranosy,)-p^^^ 
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10 



pteridine-7-one, where R 20 is a deoxyribose or a ribose respectively, is illustrated by Formula 
X 




(X) 

In a third preferred embodiment R 1 1 is combined with R 12 to form a single 
oxo oxygen joined by a double bond to ring vertex 4; R 13 is CH 3 ; R 14 is H; R 15 is combined 
with R 17 to form a double bond between ring vertices I and 2; R 16 is NH 2 ; R 18 is combined 

20 • 

with R 19 to form a single oxo oxygen joined by a double bond to ring vertex 7; and R is a 
ribose or deoxyribose bearing a phosphate attached through the 3' hydroxyl. This molecule, 
designated 3-methyl-8-(2-deoxy-p-D-ribofuranosyl) isoxanthopterin or 3-methyI-8-(3-D- 
ribofuranosyl) isoxanthopterin, where R 20 is a deoxyribose or a ribose respectively, is 
illustrated by Formula XI. 



0 



15 



X 



H Q N N N ^0 
R 20 



(XI) 



In a fourth preferred embodiment R n is combined with R 12 to form a single 
oxo oxygen joined by a double bond to ring vertex 4; R 13 is a hydrogen; R 14 is hydrogen; R 15 

1 6 1 8 * 

is combined with R 17 to form a double bond between ring vertices 1 and 2; R is NH 2 ; R is 
20 combined with R 19 to form a single oxo oxygen joined by a double bond to ring vertex 7; 
and R 20 is a ribose or deoxyribose bearing a phosphate attached through the 3' hydroxyl. 
This embodiment, designated 2'-deoxy-(3-D-ribofuranosyl-isoxanthopterin or 0-D- 
ribofuranosyl-isoxanthopterin, where R 20 is a deoxyribose or a ribose respectively, is 
illustrated by formula XII. 
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HN 

A 

NH2 N 




R 



20 



(xn) 



In a fifth preferred embodiment R 11 is combined with R 12 to form a single oxo 
oxygen joined by a double bond to ring vertex 4; R 13 is a hydrogen; R 14 is C H 3 , R 15 j s 
combined with R 17 to form a double bond between ring vertices 1 and 2; R 16 is NH 2 R 18 is 
combined with R 19 to form a single oxo oxygen joined by a double bond to ring vertex 7; 
and R 20 is a ribose or deoxyribose bearing a phosphate attached through the 3' hydroxyl ' 
This embodiment, designated or 6-methyl-8-(P-D-ribofuranosyl)isoxanthopterin or 6- 
methyl-8-(2-deoxy-P-D-ribofuranosyl)isoxanthopterin ) where R 20 is a ribose or a 
deoxyribose respectively, is illustrated by formula XIH. 

O 



m if 

NH 2 ^N^ 



N CH 3 



R20 e 



(XITI) 



In a sixth preferred embodiment R 11 is combined with R 13 to form a double 
bond between ring vertices 3 and 4; R 12 is NH 2 ; R 14 is CH 3 ; R 15 is combined with R 16 to 
form a single oxo oxygen joined by a double bond to ring vertex 2; R 17 is a ribose or 
deoxyribose bearing a phosphate attached through the 3' hydroxyl; R 18 is combined with R 20 
to form a double bond between ring vertices 7 and 8; and R 19 is CH 3 . This embodiment 
designated 4-amino-6,7-dimeth y l-l-(2-deox y -P-D-ribofurano S yl)- P teridine-2-one or 4- ' 
amino-6,7-dimethyl-l-(3-D-rib 0 furanos y [)-pteridine-2-one, where R 20 is a deoxyribose or a 
ribose respectively, is illustrated by formula XIV. 



03 



BNSoociD: <wo_9aaeo©aA«jL> 



WO 98/26093 



PCT/US97/22448 



10 



15 



NH 



N 




O N 



Nv^/CHa 



N CH 3 



R 



,17 



(XIV) 



In a seventh preferred embodiment R 11 is combined with R 13 to form a double 
bond between ring vertices 3 and 4; R 12 is NH 2 ; R H is H; R 15 is combined with R 16 to form a 
single oxo oxygen joined by a double bond to ring vertex 2; R 17 is a ribose or deoxyribose 
bearing a phosphate attached through the 3' hydroxyl; R 18 is combined with R 20 to form a 
double bond between ring vertices 7 and 8; and R 19 is CH 3 . This embodiment, designated 4- 
amino- 1 -(2-deoxy-p-D-ribofuranosy l)-7-methyl-pteridine-2-one or 4-amino- 1 -(p-D- 
ribofuranosyl)-7-methyl-pteridine-2-one, where R 17 is a deoxyribose or a ribose respectively, 
is illustrated by formula XV. 



NH 2 



N' 




'N 



"TNT 



s CHi 



(XV) 



In an eighth preferred embodiment R n is combined with R 13 to form a double 
bond between ring vertices 3 and 4; R 12 is NH 2 ; R H is CH 3 ; R 15 is combined with R 16 to 
form a single oxo oxygen joined by a double bond to ring vertex 2, R 17 is a ribose or 
deoxyribose bearing a phosphate attached through the 3' hydroxyl; R 18 is combined with R 20 
to form a double bond between ring vertices 7 and 8; and R 19 is H. This embodiment, 
designated 4-amino- l-(2-deoxy-P-D-riobfuranosyl)-6-methyl-pteridine-2-one or 4-amino-l- 
(p-D-ri(ibfuranosyI)-6-methyl-pteridine-2-one, where R 17 is a deoxyribose or a ribose 
respectively, is illustrated by formula XVI. 



25 
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<XVI) 

•n a n,„,h preferred embodiment R' ' is combined with R» to form a double 
bond between n„g vertices 3 and 4; R» is NH 2 , r m is „. R „ , ^ R „ ^ 

smgle oxo oxygen joined by a doub.e bond ,„ ring vertex 2; R 17 is a ribose or deoxyribose 
beartng a phosphate attached through the 3' hydroxy!; R 18 is combined with R» ,„ f orm . 
doubie bond between ring vertices 7 and 8; and R'« is a This embod.ment, designated 2 

am,„o-l-(2-deoxy- P -D-ribo 1 uranos yl )- P ,endine-2-oneor2-ami„o-,- (P .D-ribo f uranosy„- 
pten*„e-2-o„e, where R " is a deoxyribose or a ribose respective*, is Unrated by Formu,a 



NH 



,N 




N 



O 




H 



N H 



1 

10 R17 

(xvn) 

One of skill in the art will appreciate that other fluorescent nucleotide 
analog can be used m ^ ^ ^^.^ ^ ^ ^ ^ ^ 

Such fluorescence nucleotide analogues can be identified by simp le screening as descnbed 

below in Section IV. 
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VII. Screening for additional fluorescent nucleotide analogues. 

Identification of additional fluorescent nucleotides suitable for practice of this 
invention can be accomplished with simple, rapid, and routine screening. The fluorescent 
nucleotide in question is simply incorporated into an oligonucleotide such that, when the 

5 oligonucleotide is hybridized to a target nucleic acid, the fluorescent nucleotide is present in 
a loop as described above. Most preferably the "test" label oligonucleotide is designed so 
the fluorescent nucleotide(s) are present as single base insertion(s). The fluorescence of the 
oligonucleotide is then determined. Then the oligonucleotide is hybridized to a target 
nucleic acid to form a hybrid duplex and the fluorescence level of the hybrid duplex is 

10 determined. Those fluorescent nucleotide analogues that show an increase in fluorescence 
when the test label oligonucleotide is hybridized to its target are suitable for use in the 
methods of this invention. Examples of such an assay are provided in Example 1. 

The fluorescent nucleotide analogue can optionally be pre-screened by 
determining the fluorescence of the fluorescent nucleotide analogue monomer and then 

1 5 determining the fluorescence of the oligonucleotide incorporating the fluorescent nucleotide 
monomer(s). Those fluorescent nucleotide analogues that show a decrease in fluorescence 
when they are incorporated into an oligonucleotide are good candidates for further screening 

as described above. 

One of skill in the art will appreciate that the label oligonucleotides of this 
20 invention can be optimized for particular applications. Such optimization can include 

varying the number of fluorescent nucleotide analogues in the label oligonucleotide, varying 
the number, size, and type of loop-forming regions, and varying the selection of nucleotides 
bracketing the fluorescent nucleotide analogues. Determination of the optimal label 
oligonucleotide base sequence simply involves preparing the variants in question and 

25 screening them for changes in fluorescence activity on hybridization to a target nucleic acid 
as described above (e.g., using a spectrofluorometer). Those label oligonucleotides showing 
the greatest change in fluorescence on hybridization are generally preferred. 

Where the label oligonucleotide is to be used in conjunction with a nucleic 
acid binding protein, the binding protein is substituted for the target nucleic acid in the 

30 assays described above. The assay conditions are changed from hybridization conditions to 
conditions that favor binding of the particular nucleic acid binding protein to a nucleic acid. 
Those label nucleic acids that show an increase in fluorescence upon protein binding are 

31 
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sui,ab,e for use in ,„e me,nods of .hi, invention One protein binding assay is i,.us.ra«ed by 

Example 4. J 

Identification of fluorescent nucleotide analogues that can be read through by 
a nucle,c acid polymerase can also be readily accomplished with only routine screening 
This Sim p.y involves providing a template nucleic acid incorporating the fluorescent 
nucleot.de analogue in question, performing a polymerization reaction (e.g., as described by 
Berger and Kimmel, Guide to Molecular Cloning Techniques. Methods in Enzymology 1 52 
Academic Press, Inc., San Diego, CA; Sambrook etal. ( 1 989) Molecular Cloning - A 
Laboratory Manual (2nd ed.) Vol. 1-3, Co.d Spring Harbor Laboratory, Co.d Spring Harbor 
Press, NY,; Current Protocols in Molecular Biology, P.M. Ausubel et al. eds Current 
Protocols, a joint venture between Greene Publishing Associates, Inc. and John Wiley & 
Sons, Inc., (1994 Supplement); Cashion etal., U.S. patent number 5,017 478 and Carr 
European Patent No. 0,246,864), and comparing the length of the polymerized product with 
the template (e.g., via gel electrophoresis). In one preferred embodiment this 
5 polymerization can be accomplished in a nucleic acid amplification reaction (e g. PGR) I n 
a particularly preferred embodiment, where the fluorescent nucleotide analogue is known to 
function ,n a labe. oligonucleotide of this invention, a PGR reaction such as that described in 
Example 3, can be used to rapidly determine if the polymerase reads through the fluorescent 
nucleotide analogue. 

3 VKI. Kits 

An additional aspect of the invention relates to kits useful for the detection of 
nucleic acd/nucleic acid interactions and/or for the detection of protein/nucleic acid 
mteractions and/or for the detection of amplification product. These kits take a variety of 
forms and can comprise one or more containers containing one or more label 
oligonucleotides of this invention. The label o.igonucleotides can be "always on" probes or • 
"molecular beacons" as described above. The label oligonucleotides can be simple 
".ndicators" of a particular nucleic acid or protein target, or they can be amplification 
primers for amplification and detection of a particular target nucleic acid. Other optional 
components of the kit include, for example, a polymerase, a reaction vessel a second 
fluorophore for detection through resonance energy transfer, the appropriate buffers for PGR 
or other amplification reactions, positive and negative controls for diagnostic application, 

5£ 
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and the like. In addition to the above components, the kit can also contain instructions for 
carrying out the described method. 

EXAMPLES 

The following examples are offered to illustrate, but not to limit the claimed 

invention. 

Exam ple 1: Fluorescence Measurem ents of Label Oligonucleotides. 

Oligonucleotides were prepared and purified as described previously 
(Hawkins et al. (1996) Nucleic Acids Res., 23: 2872-2880). Various label oligonucleotides 
were synthesized containing the fluorophore (3-methyl-8-(2-deoxy-P-D-ribofuranosyl) 
isoxanthopterin (surrounded by different bases, some with one fluorophore and others with 
multiple fluorescent nucleotides per strand. 

Fluorescence measurements were done on a PTI (Photon Technologies, Inc., 
New Brunswick, New Jersey, USA) spectrofluorometer with a double excitation 
monochromater, a water cooled photomultiplier, and a sample chamber coupled with a water 
bath (Pharmacia LKB, Piscataway, New jersey, USA). Excitation at 360 nm resulted in an 
emission at 440 nm. To reduce the volume of sample needed, "H" style cuvettes ( 1 00 ml 
minimum volume) were used with excitation over the 1 cm path and emission through the 2 
mm path. Alternatively, 3 mm x 3 mm cuvettes fitted with brass adaptors were used (60 ml 
minimum volume). In each case a fluorescence emission scan of the single strand was 
measured and then compared with the fluorescence emission scan of the same strand 
annealed to its complement. The integrals of the emission spectra were compared to 
determine the extent of increase in fluorescence signal. 

In most cases, the fluorophore was forced to form a one base loop hairpin 
upon annealing. Two and three base loops were formed by omitting complementary bases of 
two or three bases (including the fluorescent nucleotide). In some instances, more than one 

fluorophore was placed in a strand. 

Melting temperature of double-stranded oligonucleotides was measured by 
monitoring absorbance hyperchromicity at 260 nm in a spectrophotometer (Hewlett Packard 
Model 8452a equipped with a Hewlett Packard 89090A Peltier temperature controller). 
Samples were measured in 10 mM Tris, pH 7.5 with a NaCl concentration of 10 mM. 
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Temperature was increased by 1°C per 
measurements. 



minute with a 1 minute equilibration time between 



Increase in fluorescence activity on hybridization with a target 
oligonucleotide is illustrated in Table I. 



10 



Tabic 1. Increase in fluorescence intensity of label oligonucleotides where the fluorescent 
nucleottde „ a single base insertion. The fluorescent nucleotide (F) was 3-rnethy,-8-(2- 

deoxy-p-D-nbofuranosyl) isoxanthopterin (Formula XI). 



ID 



PCR4 



PCR5 



PCR6 



PCR7-1 



HP-3 



Sequence 



1 -att cca caa F gcc gtg tca-3 ' 



ggc tgg taa F gag tgc tec -3 ' 



'-tct etc gaa F age ccg ctc-3' 



ace get gaa F gag gaa gca-3 ' 



5'-cct eta aga ggt gtg t F g gtg tqq 
aga ate tec ^ 



Increase in 
fluorescence 
on 

hybridization 
~ 6 fold 



9 fold 



8 fold 



4 fold 



2 fold 



Seq. 

ID 
No. 



In a second experiment, label oligonucleotides containing increasing numbers 
of fluorescent nucleotides were produced and evaluated as described above. The results are 
illustrated in Table 2. 
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Table 2. Change in fluorescence activity on hybridization of label oligonucleotides 
containing varying numbers of fluorescent nucleotide analogues. (Each F comprises a single 



base insertion). 



ID 


Sequence 


Increase in 
fluorescence 
on 

hybridization 


Seq. 
ID 
No . 


PCR2 - 1 


5 1 -gca aga tgg agg aaa caa F ggc tgg age caa-3 1 


~8 fold 


6 


VL.RZ, - 2. 


5 1 -gca aga tgg agg F aaa caa F ggc tgg age caa- 
3 ' 


~8 fold 


7 


PCR2 - 3 


5 ' -gca a F ga tgg agg F aaa caa F ggc tgg age 
caa-3 1 


~10 fold 


8 


PCR2-4 


5 ' -gca a F ga tgg agg F aaa caa F ggc tgg F age 
caa-3 ' 


"10 fold 


9 


PCR2 - 
1/3 


5 ' -gca a F ga tgg agg aaa caa F ggc tgg age caa- 
3 » 


~7.5 fold 


10 


PCR3-1 


5 ' -egg cag age tgg F agg aac tgg age ggg-3 ' 


no change 


11 


PCR3-2 


5 1 -egg cag F age tgg F agg aac tgg age ggg-3' 


no change 


12 


PCR3-3 


5 ' -egg cag F age tgg F agg aac tgg F age ggg-3' 


no change 


13 


PCR7-1 


5 ' -acc get gaa F gag gaa gca-3' 


~ 4 fold 


14 


PCR7-2 


5 1 -acc get gaa F gag gaa F gca-3' 


- 2 fold 


15 



5 In another experiment, the effect of larger regions of mismatch and variations 

in the nucleotides neighboring the fluorescent nucleotide was investigated. The results are 
illustrated in Table 3. 
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Table 3. Effects of multiple base loops and various neighboring nucleotides on the change 
in fluorescence activity on hybridization of label oligonucleotides. 



ID 


Sequence 
x aue J. oiiyonucieociu6 
target oligonucleotide 


Increase in 
fluorescence 
on 

hybridization 


Seq. 

ID 
No. 


HP3 
HP1C 


S'-cct eta aga ggt gtg tFg gtg tgg aga ate tec 
3 ' -gga gat tct cca cac c a cac acc tct taq ape* 


~2 fold 


17 
18 


HP3 
HP3C 


S'-cct eta aga ggt gtg tFg gtg tgg aga ate tec 
3 ' -99^ gat tct caa cac cac acc tct tag agg 


no change 


19 
20 


HP2 
HP3C 


5*-cct eta aga ggt gtg tF gtg tgg aga ate tec 
3 ' -gga gat tct caa cac cac acc tct tag agg 


no change 


21 
22 


HPR 
HPRC 


-> i~<~^ aga ggt gca era gtg tgg aga ate tec 
3 ' -gga gat tct cca cat gt cac acc tct tag aqq 


no change 


23 
24 


HP-4 

HP- 
4C 


5'-cct eta aga ggt gta aFa gtg tgg aga ate tec 
3 * -gga gat tct cca cat t t cac acc tct tag agg 


~3 fold 


25 
26 


HP5 
HP5C 


5'-cct eta aga ggt gtc cFc ctg tgg aga ate tec 
3 f -gga gat tct cca caq q q qac acc tct taq aqq 


~2-3 fold 


£ i 
28 


PCRl 

PCRl 
C 


5'-ggc ttt cga gag Faa ccc act acc ca 
3'-ccg aaa get etc tt ggg tga tgg gt 


~5 fold 


29 
30 


HPS 
HP6C 


5'-cct eta aga ggt gta aFa atg tgg aga ate tec 
3 ' -qqa tat tct cca cat t t tac acc tct taq aqq 


"10 fold 


31 
32 



10 



In these experiments, the best results were obtained with the sequences 
(GTAAFAATG) (SEQ ID NO. 3 1) or (GTAAFGAGT) (SEQ ED NO. 2) > (CGAAFAGCC) 
(SEQ ED NO. 3) or (ACAAFGGCT) (SEQ ED NO. 6) > (ACAAFGCCG) (SEQ ED NO. 1). 
It is believed that the nucleotide closest to the fluorescent nucleotide is most important with 
diminishing effect with increasing distance from the fluorescent nucleotide. The T m s show 
only a one degree depression from the presence of a 1-base mismatch in a 21 mer. With 
multiple insertions per strand, this effect is more than additive. Two base or three base 
mismatches with one fluorescent nucleotide each did not display an increase in signal upon 
annealing, although it is expected that using other fluorescent nucleotides in the loop, or 
otherwise increasing the disruption of base stacking will produce a signal. 

3(0 
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With respect to the one base insertion that did not show an increased 
fluorescence signal upon hybridization (HPR hybridized to HPRC) the sequence used in this 
signal oligonucleotide is one that is expected to show the least strained (disrupted base 
stacking) on hybridization based on computer modeling of hairpins. It is believed that the 
5 strain introduced by hybridization of the HPR label oligonucleotide was insufficient to cause 
a disruption of base stacking thereby accounting for the lack of a fluorescence signal 
increase on hybridization. 

Example 2: Use of 2-aminopurine Label Oligonucleotides 

In another experiment, a number of label oligonucleotides of this invention 
10 were made incorporating 2-amino purine as the fluorescent nucleotide. The hybridizations 
and detection was performed as described above with the exception that excitation was at 
317 nm and emission (detection) was collected from 322 to 400 nm. As illustrated in Table 
4, the label oligonucleotides utilizing 2-amino purine generally gave good results. 

15 Table 4. Changes in fluorescence on hybridization of 2 amino purine label oligonucleotides. 



ID 


Sequence 
label oligonucleotide 
target oligonucleotide 


Increase in 
fluorescence 
on 

hybridization 


Seq. 
ID 
No . 


PCRlap 


5 ' -ggc ttt cga gag Faa ccc act^acc ca-3 ' 


~5.6 fold 


33 


PCR2apl 


5 ' -gca aga tgg agg aaa caa F ggc tgg age caa 


"2.5 fold 


34 


PCR2ap2 


5 • -gca aga F tgg agg aaa caa ggc tgg age caa 


"2 fold 


35 


PCR3apl 


5' -egg cag age age tgg agg F aac tgg age ggg 


"1 fold 


36 


PCR3ap2 


5 '-egg ca 9 a 9 c F a 9 c tgg agg aac tgg age ggg 


no change 


37 


PCR4ap 


5 l -att cca caa F gee gtg tea 


"3 fold 


38 


PCRSap 


5 ' -ggc tgg taa F gag tgc tec 


~2 fold 


39 


PCR6ap 


5 1 -tct etc gaa F age ccg etc 


~2 fold 


40 


PCR7apl 


5 ' -acc get gaa F gag gaa gca 


"10 fold 


41 



Example 3: PGR Amplification using a separate label oligonucleotide as a detection 
moiety . 

Polymerase chain reaction (PCR) was performed to amplify a template which 

20 is part of the message of Pax3, a developmental gene (see Table 5). Total RNA from tumor 

cells was reverse transcribed using the Gene Amp RNA PCR kit (Perkin Elmer, Cetus, 

Foster City, California, USA). The cDNA thus produced was used as a template for the PCR 

amplification. PCR amplifications were performed for 35 cycles at 94°C for 1 minute 55°C 

3? 
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for 1 minute, and 72°C for 1.5 minutes followed by a final extension at 72°C for 10 minutes 
using primers PCRl (5-ACCTCAGTCAGATGAAGGCTCCGAT-3' (Seq. ED No. 42) see 
PCRl in Table 5) and PCR2 (5'-AGTAGCACCGTCCACAGACCCTCAG-3' (Seq ID No. 
43) see PCR2 in Table 5) containing no fluorophores, each at 1 mM concentration. 
5 A detection oligonucleotide designated PCR2- 1 (5'-GC AAGATGGAGGAA 

ACAAFGGCTGGAGCCAA-3' (Seq. ED No. 44) was also included in the reaction mixture 
at concentrations of 0.2 or 0.5 mM. The results are illustrated in Figure 1. The graphs 
labeled At est and B, est are amplified in the presence of 0.2 mM and 0.5 mM label 
oligonucleotide, respectively. The graphs labeled A ctr , and B clr , are controls; the same 
10 reaction mixture absent thermocycling. The label oligonucleotide provided a clear signal 
indicating the presence of amplification product. 

Table 5. Illustration of the Pax3 region serving as template and the various primers used to 
amplify and detect amplification products (SEQ ID NO. 45). 



15 



PCRl 

5 ' ' acc tca ^ tc a< * a tq* aqq etc cqa t at tga etc tga acc tga ttt acc get 

3 '-tgg agt cag tct act tec gag get ata act gag act tgg act aaa tgg cga 

gaa Gag gaa gca gcg cag gag cag aac cca cct tca egg cag age age tgg agg 
ctt etc ctt cgt cgc gtc etc gtc ttg ggt gga agt gec gtc teg teg acc tec 

aac Tgg age ggg ctt teg aga gaa ccc act acc cag aca ttt aca cca ggg agg 

fct 9 acC TCG CCC GAAFAGC TCT CTt ggg tga tgg gtc tgt aaa tgt ggt ccc tec 
PCR6 

aag ctg gec cag agg gcg aag ctt acc gag gec cga gtg cag gtc tgg ttt age 

ttc gac egg gtc tec cgc ttc gaa tgg etc egg get cac gtc cag acc aaa teg 

PCR2-1 

aac cgc cgt GCA AGA TGG AGG AAA CAA F GGC TGG AGC CAA tea act gat ggc ttt 

ttg gcg gca cgt tct acc tec ttt gtt ccg acc teg gtt agt tga eta ccg aaa 

caa cca tct cat tec ggg ggg att ccc tec cac cgc cat gec gac cct gee aac 
gtt ggt aga gta agg ccc ccc taa ggg agg gtg gcg gta egg ctg gga egg ttg 

PCR4 

aat acc age tgt egg age act ctt acc age cca cgt ct A TTC CAC AAFG CCG TGT 
tta tgg teg aca gec teg tga gaa tgg teg ggt gca gat aag gtg tt c ggc aca 

PCR2 

CAg ate cc A GTA GCA CCG TCC ACA GAC CCT CAG - 3' 
gtc tag ggt cat cgt ggc agg tgt ctg gga gtc-5' 



3* 
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Example 4: Detection of DNA/Protein Binding. 

A buffer solution was prepared containing a double stranded label 
oligonucleotide selected to act as a target substrate for HIV integrase. The buffer solution 
included 25 mM (MOPS, pH 7.2, 50 mM NaCl, 7.5 mM MnCl 2 , 10 mM 2-mercaptoethanol, 
100 mg/ml BSA, (10% w/v) glycerol, 100-175 nM of the label oligonucleotide as shown in 
Formula XVIII. 

5'-GTG TGG AAA ATC TCT AGC AGT - 3 1 (SEQ ID NO 46) 

Ml III III III III IJI III <xvm) 

3>~CAC ACC TTT TAG AGA TCF TCA-5' (SEQ ID NO 47) 



The HIV-1 integrase protein was titrated into the above solution (0-520 nM), 
measuring anisotropy changes with each addition (along with the appropriate controls). The 
reaction was done at 20°C to prevent the normal HIV-1 integrase cleavage reaction from 
occurring . When the protein was added to the oligonucleotide, the signal went off scale. 
15 This suggests that there was a disruption of base stacking (which causes the quench) in the 
vicinity of the fluorophore. It is believed that the DNA underwent tertiary structure 
distortion upon binding to the HIV-1 integrase protein. The fluorescent nucleotide, being 
located within the area of distortion, was dequenched thereby facilitating detection of the 
fluorescence signal. 

20 Example 5: Use of label oligonucleotides with restriction digests. 

As indicated above, the label oligonucleotides can be used to identify the 
presence or absence of a particular genetic sequence within a mixture. In one embodiment, 
the mixture under investigation could be genomic DNA or mRNA isolated from cells in 
culture, from tissue, or amplified from a biological sample. One problem with using short 

25 probes to bind to large genomic sized DNA is that at temperatures lower than 95 °C, the 
larger DNA is highly favored in binding. 

In order to shift the binding equilibrium of the fluorophore containing probe 
(maybe a 20-30-mer) to offset the tremendous advantage of the annealed genomic DNA, 
restriction sites which bracket the selected target probe site will be digested with the 

30 appropriate restriction endonucleases. Restriction sites are quite abundant throughout most 
gene sequences. By constructing the label oligonucleotide probe to be substantially 
complementary to the sequence between two selected restriction sites, the fluorophore 

35 
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15 



20 



containing oligonucleotide will have a greatly enhanced chance of binding. An excess of the 
probe will shift the equilibrium even further in its favor. 

The >Myc gene was used as a model for this system. This gene is 
overexpressed in many tumors and there are cell lines which express a single copy or 
amplified copies of the gene. 

The sequence of the nMyc gene is illustrated in SEQ ID No: 48 and Figure "> 
Sues that are appropriate for insertion of the fluorophore are in bold. A restrict™ site map 
of the gene reveals sites which bracket the fluorophore insertton site resulting in a sequence 
of 20-38 bases for each site. For example, the sites for RD9 which is located between bases 
896 and 922, are illustrated. 

The arrows mark the restriction sites for AJu 1 and Hga 1. Pairing of this ?6 
mer with a complementary sequence (such as the one generated by digestion of the gene bv 
the above mentioned restriction enzymes) resulted in up to a 1 4 fold increase in the 
fluorescence signal. Other suitable label oligonucleotides include the probes shown in Table 
Each of the oligonucleotides listed below is being tested as a hybridization probe after 
d«gestion of genomic DNA with the appropriate restriction enzymes. 

restriLL Pr ° beS SUitablC f ° r det6Cti0n ofnM7C ^ ^bsequences thereof Appropriate 
restricts enzymes to increase probe binding and resulting signal level are also showT 




This strategy has been applied to the detection of HTV-1 PCR products 
generated by two different sets of primers. Restriction sites were selected and probes were 
synthesized identical to the restriction fragments framed by the restriction enzymes onlv 
25 with the addition of the fluorophore. The fluorescence intensity of positive PCR product 

SUBSTITUTE SHEET (RULE 26) 
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from plasmid containing 1 x 10 5 virus copies/|ig DNA versus the PGR product from 1 |ig 
human genomic uninfected DNA was 3- to 5-fold greater. 

Figure 3 shows a sequence selected from the HXB2 plasmid standard which 
is detected using a label oligonucleotide. The label oligonucleotide was designed to 
5 specifically bind to a PCR product from the HXB2 plasmid which is amplified by the SK38 
and SK39 primers which are underlined and bold in the map (Figure 3). The Mse I and BsM 
I digestion of the amplification product results in production of the restriction fragment (5'- 
taa ata aaa tag taa gaa tgt ata gcc eta cca - 3', SEQ LD No: 59) designated HIVPCR . 

Insertion of a fluorophore (3-methyl isoxanthopterin) into an identical 
10 sequence produces a probe (5'- taa ata aFa tag taa gaa tgt ata gcc eta cca - 3', SEQ ID No: 
60, designated HIVPCRF) that increases in its fluorescence intensity (approximately 5 fold) 
upon binding to its complement (HIVPCR). 

The fluorescence enhancement upon binding is believed to occur because of a 
reduction of quenching effects from the neighboring bases due to a disruption of base 
1 5 stacking interactions. 

This example illustrates that target nucleic acids can be directly detected (e.g., 
after amplification) without the need to separate the probes on a gel This provides a highly 
efficient method for detection and/or quantification of particular nucleic acids, e.g., in 
diagnostic applications. 

20 

It is understood that the examples and embodiments described herein are for 
illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of 
this application and scope of the appended claims. All publications, patents, and patent 
25 applications cited herein are hereby incorporated by reference for all purposes. 



BN8DOOD: <WO_96260&aA2JL> 



WO 98/26093 




PCT/US97/22448 



SEQUENCE LISTING 

Sequence ID No: 1 

Sequence ID No: 48 nMyc gene 

1 agctccgagc ccccgagctg ggtcacggag atgctgcttg agaacgagct gtggggcagc 
61 ccggccgagg aggacgcgtt cggcctgggg ggactgggtg gcctcacccc caacccggtc 
121 atcctccagg actgcatgtg gagcggcttc tccgcccgcg agaagctgga gcgcgccgtg 
181 agcgagaagc tgcagcacgg ccgcgggccg ccaaccgccg gttccaccgc ccagtccccg 
241 ggagccggcg ccgccagccc tgcgggtcgc gggcacggcg gggctgcggg agccggccgc 
3 01 gccggggccg ccctgcccgc cgagctcgcc cacccggccg ccgagtgcgt ggatcccgcc 
361 gtggtcttcc cctttcccgt gaacaagcgc gagccagcgc ccgtgcccgc agccccggcc 
421 agtgccccgg cggcgggccc tgcggtcgcc . tcgggggcgg gtattgccgc cccagccggg 
481 gccccggggg tcgcccctcc gcgcccaggc ggccgccaga ccagcggcgg cgaccacaag 
541 gccctcagta cctccggaga ggacaccctg agcgattcag atgatgaaga tgatgaagag 
601 gaagatgaag aggaagaaat cgacgtggtc actgtggaga agcggcgttc ctcctccaac 
661 accaaggctg tcaccacatt caccatcact gtgcgtccca agaacgcagc cctgggtccc 
721 gggagggctc agtccagcga gctgatcctc aaacgatgcc ttcccatcca ccagcagcac 
781 aactatgccg ccccctcccc ctacgtggag agtgaggatg cacccccaca gaagaagata 
841 aagagcgagg cgtccccacg tccgctcaag agtgtcatcc ccccaaaggc taaaggUcttg 
901. agcccccgaa actctgactc ggUaggacagt gagcgtcgca gaaaccacaa catcctggag 
961 cgccagcgcc gcaacgacct tcggtccagc tttctcacgc tcagggacca cgtgccggag 
1021 ttggtaaaga atgagaaggc cgccaaggtg gtcattttga aaaaggccac tgagtatgtc 
1081 cactccctcc aggccgagga gcaccagctt ttgctggaaa aggaaaaatt gcaggcaaga 
1141 cagcagcagt tgctaaagaa aattgaacac gctcggactt gctagacgct tctcaaaact 
1201 ggacagtcac tgccactttg cacattttga tttttttttt aaacaaacat tgtgttgaca 
1261 ttaagaatgt tggtttactt tcaa 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 LA method of detecting the presence, absence, or quantity of a target 

2 nucleic acid, said method comprising the steps of: 

3 contacting said target nucleic acid with a nucleic acid probe wherein 

4 said nucleic acid probe comprises a fluorescent nucleotide located in said probe such that, 

5 when said probe, hybridizes to said target nucleic acid the fluorescent nucleotide is in a 

6 loop that does not participate in complementary base pairing with a nucleotide of said 

7 target nucleic acid; and 

8 detecting the fluorescence produced by said fluorescent nucleotide. 

9 when said probe is hybridized to said target nucleic acid. 

1 2. The method of claim 1, wherein said loop ranges in length from about 1 

2 to about 100 nucleotides when said probe hybridizes to said target nucleic acid. 

1 3. The method of claim 2, wherein said loop is an insertion in said nucleic 

2 acid probe which is otherwise complementary to said target nucleic acid or to a contiguous 

3 subsequence of said target nucleic acid. 

1 4. The method of claim 3, wherein said insertion is three nucleotides in 

2 length and comprises two nucleotides each adjacent to said fluorescent nucleotide in 

3 addition to said fluorescent nucleotide. 

1 5. The method of claim 3, wherein at least one nucleotide adjacent to said 

2 fluorescent nucleotide is a purine. 

1 6. The method of claim 5, wherein at least one nucleotide adjacent to said 

2 fluorescent nucleotide is an adenosine. 

1 7. The method of claim 5, wherein said fluorescent nucleotide is bordered 

2 by at least two adjacent purines in both the 5' and 3' direction. 

1 8. The method of claim 7, wherein said adjacent purines are adenosine. 

43 
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1 9. The method of claim 3, wherein said insertion is said fluorescent 

2 nucleotide. 



1 

2 
3 



2 
3 



2 
3 



1 

2 
3 

1 

2 
3 
4 

1 

2 



10. The method of claim 3, wherein said insertion is self-complementary 
and forms a hairpin wherein said fluorescent nucleotide is present in the loop of said 
hairpin and does not participate in complementary base pairing. 

11. The method of claim 2, wherein the nucleotides comprising said loop 
are selected such that they are not complementary to the corresponding nucleotides of the 
target nucleic acid when said probe is hybridized to said target nucleic acid and wherein 
said probe is complementary to at least two non-contiguous subsequences of said target 
nucleic acid. 

12. The method of claim 1, wherein said fluorescent nucleotide is present 
in a terminal subsequence of said nucleic acid probe wherein said terminal subsequence 
does not hybridize to said target nucleic acid when the remainder of said nucleic acid 



4 probe hybridizes to said target nucleic acid. 



13. The method of claim 12, wherein said terminal subsequence forms a 
terminal hairpin by hybridization with a second subsequence of said probe such that said 
fluorescent nucleotide is present in a loop of said hairpin and does not participate in 



4 complementary base pairing. 



14. The method of claim 1, wherein said detecting comprises detecting an 
increase in fluorescence of said fluorescent nucleotide when said probe forms a hybrid 
duplex with said target nucleic acid. 

15. The method of claim 1 , wherein said fluorescent nucleotide is selected 
from the group consisting of a pteridine nucleotide, a lumazine nucleotide, 3-methyl-8-(2- 
deoxy-p-D-ribofuranosyl)isoxanthopterin, and 6-methyl-8-(2-deoxy-p-D- 
ribofuranosyl)isoxanthopterin. 

16. The method of claim 15, wherein said fluorescent nucleotide is selected 
from the group consisting of 2-amino-2-phenyl-8-(2-deoxy-P-D-ribofuranosyl)pteridine-7- 
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3 one, 4-amino-6-phenyl-8-(2-deoxy-p-D-ribofliranosyI)-pteridine-7-one, 3-methyi-8-(2- 

4 deoxy-P-D-ribofuranosyl) isoxanthopterin, 2'-deoxy-P-D-ribofuranosyl-isoxanthopterin, 2- 

5 amino-6-methyl-4-oxo-8-(2-deoxy-p-D-ribofuranosyI)-pteridine-7-one, 6,7-dimethyl-4- 

6 amino- 1 -(2-deoxy-(3-D-ribofliranosy l)-pteridine-2-one, 4-amino- 1 -(2-deoxy-P-D- 

7 ribofuranosyl)-7-methyl-pteridine-2-one, 4-amino- 1 -(2-deoxy-P-D-riobfuranosyl)-6- 

8 methyl-pteridine-2-one, and 2-amino-l-(2-deoxy-P-D-ribofuranosyl)-pteridine-2-one. 

1 17. The method of claim 15, wherein said fluorescent nucleotide is 

2 2 amino purine. 

1 18. The method of claim 1, wherein said method further comprises cutting 

2 said target nucleic acid to a characteristic average length. 

1 19. The method of claim 18, wherein said characteristic average length is 

2 approximately the length of said nucleic acid probe. 

1 20. The method of claim 18, wherein said cutting is by treatment with a 

2 restriction endonuclease. 

1 21. A method of amplifying a nucleic acid said method comprising the 

2 steps of: 

3 providing in a nucleic acid amplification mixture a label 

4 oligonucleotide comprising a fluorescent nucleotide analog, wherein said label 

5 oligonucleotide comprises a nucleotide sequence such that when an amplification product 

6 is formed in a nucleic acid amplification reaction using said mixture, said label 

7 oligonucleotide hybridizes to said amplification product or to a subsequence thereof and 

8 forms a loop in which said fluorescent nucleotide analogue does not participate in 

9 complementary base pairing; and 

10 detecting the change in fluorescence produced by the hybridization 

1 1 of said label oligonucleotide to said amplification product. 

1 22. The method of claim 21, wherein said fluorescent nucleotide analogue 

2 oligonucleotide does not act as a primer in said amplification reaction. 

4S 
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23 The method of claim 21, wherein said loop ranges in length from about 

2 1 to about 100 nucleotides when said probe hybridizes to said amplification product or 

3 subsequence of said amplification product. 

1 24. The method of claim 23, wherein said loop is an insertion in said 

2 oligonucleotide which is otherwise complementary to said amplification product or 

3 subsequence of said amplification product. 

1 25. The method of claim 24, wherein said insertion is three nucleotides in 

2 length and comprises two nucleotides each adjacent to said fluorescent nucleotide in 

3 addition to said fluorescent nucleotide. 

1 26. The method of claim 24, wherein at least one nucleotide adjacent to 

2 said fluorescent nucleotide analogue is a purine. 

1 27 The method of claim 24, wherein said insertion is said fluorescent 

2 nucleotide. 

1 28. The method of claim 24, wherein said insertion is self-complementary 

2 and forms a hairpin wherein said fluorescent nucleotide is present in the loop of said 

3 hairpin and does not participate in complementary base pairing. 

1 29. The method of claim 24, wherein said loop comprises contiguous 

2 nucleotides selected such that they are not complementary to the corresponding 

3 nucleotides of the amplification product or subsequence of the amplification product when 

4 said oligonucleotide is hybridized to said amplification product or subsequence of said 

5 amplification product. 

1 30. The method of claim 23, wherein said fluorescent nucleotide analogue 

2 is selected from the group consisting of a pteridine nucleotide, a lumazine nucleotide, 2 

3 amino purine, 3-methyl-8-(2-deoxy-p-D-ribofuranosyl)isoxanthopterin, and 6-methyl-8- 

4 (2-deoxy-3-D-ribofuranosyl)isoxanthopterin. 

46 
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31 The method of claim 30, wherein said fluorescent nucleotide is selected 
from the group consisting of 2-amino-2-phenyl-8-(2-deoxy-P-D-ribofuranosyl) P teridine-7- 
one, 4-amino-6- P henyl-8-(2-deoxy-p-D-ribofUranosyl)- P teridine-7-one ) 3-methyl-8-(2- 
deoxy-P-D-ribofuranosyl) isoxanthopterin, 2'-deoxy-3-D-ribofuranosyl-isoxanthopterin ) 2- 
amino-6-methyI-4-oxo-8-(2-deox y -P-D-ribofuranosyl)-pteridine-7-one, ej-dimethyl^- 
amino-l-(2-deoxy-p-D-ribofuranosyl)-pteridine-2-one ; 4-amino-l-(2-deoxy-P-D- 
ribofuranosyl)-7-methyl-pteridine-2-one, 4-amino- 1 -(2-deoxy-fi-D-riobfuranosyl)-6- 
methyl-pteridine-2-one, and 2-amino- l-(2-deoxy-P-D-ribofuranosyl)-pteridine-2-one. 



' 32. The method of claim 30, wherein said fluorescent nucleotide is 2 amino 

2 purine. 

1 33. The method of claim 30, wherein said fluorescent nucleotide is 3- 

2 methyl-8-(2-deoxy-p-D-ribofuranosyl)isoxanthopterin. 



34. The method of claim 23, wherein said amplification reaction 



is a 



2 polymerase chain reaction (PCR). 



1 35. The method of claim 21, wherein said method further comprises cutting 

2 said amplification product of an amplification template to a characteristic average length. 



1 36. The method of claim 35, wherein said characteristic average length 

2 approximately the length of said label oligonucleotide. 

1 37. The method of claim 35, wherein said cutting is by treatment with a 

2 restriction endonuclease. 



is 



38. A fluorescent label, said label comprising an oligonucleotide 
comprising a fluorescent nucleotide wherein said oligonucleotide is hybridized to a target 
nucleic acid forming a hybrid duplex in which said fluorescent nucleotide does not 
participate in complementary base pairing with a nucleotide of said target nucleic acid. 
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1 39. The label of claim 38, wherein said fluorescent nucleotide is present in 

2 a subsequence of said probe that forms a loop ranging in length from about 1 to about 100 

3 nucleotides, when said probe hybridizes to said target nucleic acid. 

1 40. The label of claim 39, wherein said loop is an insertion in said nucleic 

2 acid probe which is otherwise complementary to all of said target nucleic acid or to a 

3 contiguous subsequence of said target nucleic acid. 

1 41. The label of claim 40, wherein said at least one nucleotide adjacent to 

2 said fluorescent nucleotide is a purine. 

1 42. The label of claim 40, wherein said insertion is three nucleotides in 

2 length and comprises two nucleotides each adjacent to said fluorescent nucleotide in 

3 addition to said fluorescent nucleotide. 

1 43. The label of claim 40, wherein said insertion is said fluorescent 

2 nucleotide. 

1 44. The label of claim 40, wherein said insertion is self-complementary and 

2 forms a hairpin wherein said fluorescent nucleotide is present in the loop of said hairpin 

3 and does not participate in complementary base pairing. 

1 45. The label of claim 39, wherein said loop comprises contiguous 

2 nucleotides selected such that they are not complementary to the corresponding 

3 nucleotides of the target nucleic acid when said probe is hybridized to said target nucleic 

4 acid and wherein said probe is complementary to at least two non-contiguous 

5 subsequences of said target nucleic acid. 

1 46. The label of claim 38, wherein said fluorescent nucleotide is present in 

2 a terminal subsequence of said nucleic acid probe wherein said terminal subsequence does 

3 not hybridize to said target nucleic acid when the remainder of said nucleic acid probe 

4 hybridizes to said target nucleic acid. 

4? 
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1 47. The label of claim 46, wherein said terminal subsequence forms a 

2 terminal hairpin by hybridization with a second subsequence of said probe such that said 

3 fluorescent nucleotide is present in a loop of said hairpin and does not participate in 

4 complementary base pairing. 

1 48. The label of claim 38, wherein said fluorescent nucleotide is selected 

2 from the group consisting of a pteridine nucleotide, a lumazine nucleotide, 2 amino purine, 

3 3-methyl-8-(2-deoxy-3-D-ribofuranosyl)isoxanthopterin, and 6-methyl-8-(2-deoxy-p-D- 

4 ribofuranosyl)isoxanthopterin. 

1 49. The label of claim 38, wherein said fluorescent nucleotide is selected 

2 from the group consisting of 2-amino-2-phenyl-8-(2-deoxy-P-D-riboruranosyl)pteridine-7- 

3 one, 4-amino-6-phenyl-8-(2-deoxy-P-D-ribofuranosyl)-pteridine-7-one, 3-methyl-8-(2- 

4 deoxy-p-D-ribofuranosyl) isoxanthopterin, 2 , -deoxy-p-D-ribofuranosyl-isoxanthopterin, 2- 

5 amino-6-methyl-4-oxo-8-(2-deoxy-p-D-ribofuranosyl)-pteridine-7-one,6,7-dimethyl-4- 

6 amino- l-(2-deoxy-3-D-ribofuranosyl)-pteridine-2-one,4-amino-l-(2-deoxy-p-D- 

7 ribofuranosyl)-7-methyl-pteridine-2-one, 4-amino-l -(2-deoxy-p-D-riobfuranosyl)-6- 

8 methyl-pteridine-2-one ) and2-amino-l-(2-deoxy-p-D-ribofuranosyl)-pteridine-2-one. 

1 50. The label of claim 48, wherein said fluorescent nucleotide is 2 amino 

2 purine. 

1 5 1 The label of claim 38, wherein said fluorescent nucleotide is 3-methyl- 

2 8-(2-deoxy-P-D-ribofuranosyl)isoxanthopterin. 

1 52. A nucleic acid amplification mixture comprising a label 

2 oligonucleotide and a DNA polymerase, wherein said label oligonucleotide comprises a 

3 fluorescent nucleotide analog and has a nucleotide sequence such that when an 

4 amplification product is formed in a nucleic acid amplification reaction using amplificatio 

5 mixture, said label oligonucleotide hybridizes to said amplification product or to a 

6 subsequence thereof and forms a loop in which said fluorescent nucleotide analogue does 

7 not participate in complementary base pairing 
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' 53. The nucleic acid amplification mixture of claim 52, further comprising 

± a restriction endonudease. 
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nMyc gene 



1 agcticcgagc ccccgagcrg ggtcacggag atgctgcttg agaacgagct gtggggcagc 
61 ccggccgagg aggacgcgct cggcccgggg ggacrgggcg gccccacccc caacccggtc 
121 accctccagg accgcacgcg gagcggcctc tccgcccgcg agaagccgga gcgcgccgtg 
181 agcgagaagc tgcagcacgg ccgcgggccg ccaaccgccg gttccaccgc ccagtccccg 
241 ggagfccggcg ccgccagccc tgcgggtcgc gggcacggcg gggccgcggg agccggccgc 
301 gccggggccg ccctgcccgc cgagctcgcc cacccggccg ccgagtgcgt ggatcccgcc 
361 gtggtcttcc cctttcccgt gaacaagcgc gagccagcgc ccgtgcccgc agccccggcc 
421 agcgccccgg cggcgggccc tgcggtcgcc tcgggggcgg gtattgccgc cccagccggg 
481 gccccggggg tcgccccccc gcgcccaggc ggccgccaga ccagcggcgg cgaccacaag 
541 gccctcagta cctccggaga ggacaccctg agcgattcag atgatgaaga tgatgaagag 
601 gaagatgaag aggaagaaac cgacgtggtc actgtggaga agcggcgctc ctcctccaac 
661 accaaggctg tcaccacact caccatcact gtgcgtccca agaacgcagc cctgggtccc 
721 gggagggctc agtccagcga gctgatcctc aaacgatgcc ttcccatcca ccagcagcac 
781 aactatgccg ccccctcccc ctacgcggag agtgaggacg cacccccaca gaagaagata 
841 aagagcgagg cgcccccacg tccgctcaag agtgtcatcc ccccaaaggc taaaggOctta 
901 agcccccaaa actctoactc aaU agqacaqt gagcgtcgca gaaaccacaa catcctggag 
961 cgccagcgcc gcaacgacct tcggtccagc tttctcacgc tzcagggacca cgtgccggag 
1021 ttggtaaaga acgagaaggc cgccaaggtg gtcattttga aaaaggccac tgagtatgtc 
1081 cactccctcc aggccgagga gcaccagctt ttgctggaaa aggaaaaatt gcaggcaaga 
1141 cagcagcagt tgctaaagaa aactgaacac gctcggactt gctagacgct tctcaaaact 
1201 ggacagtcac cgccactttg cacattttga tttttttttt aaacaaacat tgtgttgaca 
1261 ttaagaatgt tggtttactt tcaa 



Fig. 2 
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